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METHOD AND SYSTEM FOR FILLING THERMALLY INSULATED
CONTAINERS WITH LIQUID CARBON DIOXIDE

Field of the invention

The present invention relates to a method, as well as a system, for
filling a container with an amount of liquid carbon dioxide (CO2) which is
partially converted into an amount of solid CO:zinto said container, for the
purpose of maintaining one or more products, loaded into said container, at
a defined temperature, below a defined temperature, or within a defined
temperature range, which temperature or temperature range is below
environmental temperature. The invention further relates to a method and a
system for providing identification and traceability data determining the
container and its loaded one or more products, and for enabling the

identification of said container during transport to a particular destination.

Background

In the field of maintaining goods at a defined temperature which is
below environmental temperature, in particular for maintaining goods cold or
frozen, especially during transport, several different solutions have been
proposed in the prior art. Some of these comprise the use of vehicles with
integrated freezers or refrigerators. Other solutions are based on the use of
thermally insulated containers, supplied with solid CO2, as is the case in the
present invention.

EP1326046 B1 (Yara International ASA) discloses a multi-coupling
system for filling containers, in particular thermally insulated containers, to
be supplied with a cryogenic medium such as solid CO2 (commonly known
as dry ice), with liquid COz, injected from a liquid source, and which is
converted into solid COz upon injection. Typically, a specifically dedicated
inner part of such thermally insulated containers comprises a compartment
or cell that is dedicated to containing the cryogenic medium, e.g. solid COz,
by separating it from the product transported inside the thermally insulated

container.
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The amount of solid COz to be supplied to a container is typically
calculated based on the required residence time of the loaded one or more
products to maintain at a defined temperature, below a defined temperature,
or within a defined temperature range, which temperature or temperature
range is below environmental temperature. Consequently, the residence
time is the time the one or more loaded products are to be maintained in the
container at a defined temperature, below a defined temperature, or within a
defined temperature range, which temperature or temperature range is
below environmental temperature, e.g. during transport of the container.
Typical residence times are 12 hours up to 3 days (i.e. over a weekend, from
a Friday morning till a Monday morning), or even longer.

When performing the filling of the container with COz, in the prior
art is mentioned that the amount of solid CO:2 to be generated is based on
the duration of the injection of the liquid CO2. This is a fairly inaccurate
method. When the liquid COz2, which is stored in a refrigerated form, expands
into the cold cell located in the container, this cold cell being specially
developed for this purpose, approximately 50 - 60 % of the injected quantity
becomes dry ice and approximately 40 - 50 % becomes gaseous COz,
depending on the pressure within this cold cell. The gaseous CO:2 produced
on injection, i.e. 40 - 50 % of the total injected quantity, is extracted via
suitable devices in order to prevent an impermissible concentration of the
CO:z in the atmosphere of the working premises.

Therefore, the prior art method of determining the amount of solid
COz2 that is actually supplied to a container upon injection of liquid COz2 will
give rise to large uncertainties due to, for example, pressure and
temperature variations during the filling operation.

As soon as the desired quantity of liquid CO: is injected into the
cooling container, the CO:z filling process is automatically stopped by a timer
in control thereof.

Furthermore, the prior art method will not provide identification
and traceability of relevant data for a container filled with CO»-.

Consequently, there exists the need to provide a more accurate

way of supplying an amount of solid COz to a thermally insulated container.
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Short description of the invention

An exampleof the present disclosure relates to a method for filling a
compartment in an inner part of a container with an amount of liquid CO2 which
is partially converted into an amount of solid CO2 upon injection of the liquid CO2
into said compartment, said container being designed to contain one or more
products loaded into it, wherein said products are to be maintained at a defined
temperature, below a defined temperature, or within a defined temperature
range, which temperature or temperature range is below environmental
temperature, using said solid COz2, wherein said container is subjected to a
weighing operation using weighing means resulting into a weight of said
container, wherein said weight of said container, is determined by said weighing
means at least before and after said container has been supplied with said
amount of converted solid COa2.

A first aspect of the present disclosure relates to a method for estimating a
remaining residence time of solid CO2 in a container, comprising: receiving the
container with the solid CO2, wherein the container is configured to contain one
or more products; and wherein the products are to be maintained using the solid
CO2 at a defined temperature, below a defined temperature, or within a defined
temperature range, the defined temperature or the defined temperature range
being below an environmental temperature; scanning a machine-readable optical
label or connecting to a radiofrequency (RF) transmitter, said machine-readable
optical label or said RF transmitter affixed to or included with the container or
accompanying packaging; launching application software; accessing unique
identification information for the container from the machine-readable optical
label or the RF transmitter, said unique identification information residing locally
on the machine-readable optical label or the RF transmitter; or residing locally or
remotely in a database or a combination thereof, said unique identification
information including a tare weight of the container and a standard sublimation
rate associated with the container; determining a real-time weight of the solid
CO2 in the container by subjecting the container to a weighing operation using a
scale resulting in the real-time weight of the container; calculating the residence
time remaining, that the one or more products can be maintained at the defined
temperature, below the defined temperature, or within the defined temperature

range; said residence time
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remaining based, at least in part, on the real time weight of the solid CO2 in the
container and the standard sublimation rate.

A second aspect of the present disclosure relates to a method of
preparing a container with solid CO:2 introduced inside the container, wherein the
container is adapted to provide an estimate of residence time of the solid COz2 in
the container on a real-time basis, comprising: determining a standard
sublimation rate of the container; determining a tare weight of the container;
filling an inner part of the container with the solid CO2 until a fill weight of the
solid COz is generated inside the container; wherein the container is configured
to contain one or more products; and wherein the products are to be maintained
using the solid CO: at a defined temperature, below a defined temperature, or
within a defined temperature range, the defined temperature or the defined
temperature range being below an environmental temperature; affixing to or
including within the container or associated packaging a machine-readable
optical label or RF transmitter; inputting into a database or into the machine-
readable optical label or RF transmitter or a combination thereof unique identifier
information of the container, said unique identifier information of the container
comprising the standard sublimation rate, the tare weight of the container, and
the fill weight of the container; wherein the standard sublimation rate, the tare
weight, and the fill weight can be accessed by application software upon
scanning the machine-readable optical label or connecting to the RF transmitter;
said application software configured to calculate the (i) residence time of the
solid COz in the container based on the tare weight, the fill weight, and the
standard sublimation rate, or the (ii) remaining residence time based on the tare
weight, the standard sublimation rate and the weight of the solid CO2 remaining
in the container measured subsequent to the fill weight.

A third aspect of the present disclosure relates to a method for estimating
a remaining residence time of a refrigerant in a container, comprising: receiving
the container with the refrigerant, wherein the container is configured to contain
one or more products; and wherein the products are to be maintained using the
refrigerant at a defined temperature, below a defined temperature, or within a
defined temperature range, the defined temperature or the defined temperature
range being below an environmental temperature; scanning a machine-readable
optical label or connecting to a RF transmitter, said machine-readable optical
label or said RF transmitter affixed to or included with the container or associated
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packaging; launching application software; accessing unique identification
information for the container from the machine-readable optical label or the RF
transmitter, said unique identification information residing locally on the machine-
readable optical label or the RF transmitter, or residing locally or remotely in a
database or a combination thereof, said unique identification information
including a tare weight of the container and a standard refrigerant evaporation
rate associated with the container; determining a real-time weight of the
refrigerant in the container by subjecting the container to a weighing operation
using a scale resulting in the real-time weight of the container; calculating the
residence time remaining, that the one or more products can be maintained at
the defined temperature, below the defined temperature, or within the defined
temperature range; said residence time remaining based, at least in part, on the
real time weight of the refrigerant in the container and the standard refrigeration
evaporation rate.

A fourth aspect of the present disclosure relates to a method of preparing
a container with refrigerant inside the container, wherein the container is adapted
to provide an estimate of residence time of the refrigerant in the container on a
real-time basis, comprising: determining a standard refrigerant evaporation rate
associated with the container; determining a tare weight of the container; filling
an inner part of the container with the refrigerant until a fill weight of the
refrigerant is generated inside the container; wherein the container is configured
to contain one or more products; and wherein the products are to be maintained
using the refrigerant at a defined temperature, below a defined temperature, or
within a defined temperature range, the defined temperature or the defined
temperature range being below an environmental temperature; affixing to or
including within the container or associated packaging a machine-readable
optical label or RF transmitter; inputting into a database, into the machine-
readable optical label or RF transmitter, or into a combination thereof, unique
identifier information of the container, said unique identifier information of the
container comprising the standard refrigerant evaporation rate, the tare weight of
the container, and the fill weight of the container; wherein the standard
refrigerant evaporation rate, the tare weight, and the fill weight can be accessed
by application software upon scanning the machine-readable optical label or
connecting to the RF transmitter; said application software configured to
calculate the (i) residence time of the refrigerant in the container based on the
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tare weight, the fill weight, and the standard refrigerant evaporation rate, or the
(i) remaining residence time based on the tare weight, the standard refrigerant
evaporation rate and the weight of the refrigerant remaining in the container

measured subsequent to the fill weight.

Further, in another example there is provided a method for filling a
container with an amount of liquid CO2 which is partially converted into an
amount of solid CO2in said container, for the purpose of maintaining one or
more products, loaded into said container, at a defined temperature, below a
defined temperature, or within a defined temperature range, which
temperature or temperature range is below environmental temperature,
wherein said container, optionally loaded with one or more products, is
subjected to a weighing operation using weighing means resulting into a
weight of said container, wherein said weight of said container, optionally
loaded with one or more products, is determined by said weighing means at
least before and after said container has been supplied with said amount of
converted solid COz.

The inventive method according to the disclosure will contribute to
increased accuracy of the determination of the amount of solid CO2 supplied
to the container, compared to prior art methods and systems. This leads to
less CO2 consumption, and hence to a lower carbon dioxide footprint.

Furthermore, because of a weighing operation, in case of an

emergency situation like a power failure, the filling process does not need to

3c
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be restarted as is the case in prior art systems, as the data on the amount of

liquid COz2 already filled before the power failure, is not lost.

According to one embodiment, the method comprises the following
steps:

(a) determining the weight of said container, using weighing means;

(b) generating barcode data by scanning a barcode, provided with the
container;

(c¢) calculating the weight of the amount of converted solid COz2 to be
supplied to said compartment in the inner part of said container,
based on said barcode data, generated in step (b);

(d) filling said container with an amount of liquid COz, thereby monitoring
the weight of the container, until the weight of the container is equal to
the weight of the container, as determined in step (a), increased by
the weight of the amount of converted solid COz, as calculated in step
(c);

(e) storing in a database, the barcode data, obtained in step (b); and

(f)  storing in said database, data on the weight of the amount of
converted solid COz, supplied to said container, as determined in step
(©).

Particularly, the invention relates to a method for filling a container
with an amount of liquid CO2z which is partially converted into an amount of
solid COz in said container, for the purpose of maintaining one or more
products, loaded into said container, at a defined temperature, below a
defined temperature, or within a defined temperature range, which
temperature or temperature range is below environmental temperature,
comprising the following steps :

(a) determining the weight of a container, optionally loaded with one or more
products, using weighing means, in particular by placing the container,
optionally loaded with one or more products, on a weighbridge;

(b) generating barcode data by scanning a barcode, provided with the
container, said barcode data describing, for example, the type of said

container, the type of said loaded one or more products, the required
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residence time of the one or more products in said container and the
destination of said container;

(c¢) calculating the weight of the amount of solid CO:2 to be supplied to the
container, based on said barcode data, generated in step (b), in particular
based on the required temperature of said container, the nature of said
loaded one or more products and the required residence time of said
loaded one or more products;

(d) filling said container with an amount of liquid COz2, thereby monitoring the
weight of the container, until the weight of the container is equal to the
weight of the container, as determined in step (a), increased by the weight
of the amount of solid CO2, as calculated in step (c);

(e) storing in said database, said barcode data, obtained in step (b); and

(f) storing in said database, data on the weight of the amount of solid CO:2
supplied to said container, as obtained in step (d).

This method will also provide identification and traceability data
determining the container and its loaded one or more products that will
enable the identification of said container during transport to a particular
destination and that will enable reviewing its history and building statistical
data for later review.

According to one embodiment, the container is a thermally
insulated container.

According to one embodiment, the container may be empty or may
already be loaded with one or more products, when subjecting the container
to the method according to the invention.

According to one embodiment, data on the weight of the amount of
solid COz, supplied to said container, comprise the weight of the amount of
liquid COz2, injected into said container, the weight of the amount of solid
COz2, and the date and time of the filling operation.

Furthermore, it should be noted that the order of the method
steps, as recited above, may be executed in any order, as long as step (c)
follows after step (b), step (d) follows after step (a) and step (c), step (e)

follows after step (b) and step (f) follows after step (d). With the wording
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"follows after" it is meant that a step A is executed after a step B, either

immediately after, or with one or more intervening step.

The invention is also related to a system for performing the
inventive method as described above.

The invention concerns a system for filling a compartment in an
inner part of a container with an amount of liquid COz2, which is partially
converted into an amount of solid COz2 upon injection of the liquid COz into
said compartment, said container being designed to contain one or more
products loaded into it, wherein said products are to be maintained at a
defined temperature, below a defined temperature, or within a defined
temperature range, which temperature or temperature range is below
environmental temperature, using said solid CO2, wherein said system
comprises weighing means for subjecting said container to a weighing
operation resulting into a weight of said container at least before and after
said inner part of said container has been supplied with said amount of

converted solid COa.

In one embodiment, the system comprises:
- weighing means, capable of determining the weight of said

container;

- a barcode scanner, capable of scanning a barcode, provided with
said container for generating barcode data;

- calculating means, capable of calculating the weight of the amount of
converted solid CO2 to be supplied to said compartment in the inner part of
the container, based on said barcode data; and

- filling means, capable of filling said compartment in the inner part of
said container with an amount of liquid CO2z which is at least partially
converted into solid COz upon injection of the liquid COz into said
compartment, thereby monitoring the weight of the container, until the
weight of the container is equal to the weight of the container as previously
determined, increased by the weight of the calculated amount of converted
solid CO2; and
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- a database, capable of storing said barcode data, and data on the
weight of the amount of converted solid COz, supplied to said compartment

in the inner part of said container.

Brief description of the drawings

Figure 1 shows an example of a setup used for performing the method
according to the invention;

Figure 2 shows an overview of the different components comprised in the
system according to the invention for enabling registration of traceable data;
and

Figure 3 shows an example of a control panel used for controlling the filling

process according to the invention.

Detailed description of the invention

The invention will now be described in detail with reference to the
drawings. The detailed description contemplates the features, aspects and
embodiments in various permutations and combinations, as being within the
scope of the disclosure. The disclosure may therefore be specified as
comprising, consisting of or consisting essentially of, any of such
combinations and permutations of these specific features, aspects, and
embodiments, or a selected one or ones thereof.

A particular purpose of the present invention is maintaining goods
cold or frozen for a specific period of time. Goods to be kept cold or frozen
can be different types of products like for instance food, pharmaceutical
products and biological products. Such products will typically have an
expiration date and must be kept at a specific low temperature prior to said
expiration date. In order to comply with this requirement during loading from
a facility, as well as shipping and transport to a destination, the products are
stored in a compartment of a thermally insulated container 100, supplied
with a specific amount of solid CO2. According to the invention, the injected
amount of liquid CO:z is weighted in order to increase the accuracy of the
determination of the amount of solid CO2z and to avoid the disadvantages in

the filling process, known from prior art systems. It should be understood
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that container 100 can mean any storage, filling, delivery or transportable
vessel capable of receiving solid CO2z or COz2 fluid and capable of receiving
one or more products, including but not limited to cylinders, dewars, bottles,
tanks, barrels, bulk tanks and microbulk tanks.

Another purpose of the invention is enabling identification and
traceability of a container 100 during transport to a destination, together with
the amount of CO: filled.

Figure 1 shows an embodiment of a setup, used for performing the
inventive method for filling a compartment 101 of a thermally insulated
container 100 with a specific amount of CO:z for the purpose of maintaining
its content frozen or cold.

For performing the method, the system comprises a thermally
insulated container 100 with an inner compartment 101 (in Figure 1, several
containers 100 are shown), a weighing scale 200 generating weighing data,
weight display means 250 displaying said weighing data, a barcode scanner
300 for scanning a barcode 150 related to one or more containers 100 and
generating barcode data, control means 450 comprising a database 451 for
storing said barcode data and weighing data, as well as calculation means
452 for calculating the weight of the amount of solid CO:2 to be supplied, and
a filling gun 400, connected to a supply of liquid CO2 350 for filling liquid CO2
into each container 100. It should be understood that as used herein and
throughout, a barcode is intended to include any type of barcode, including
linear barcodes and two-dimensional barcodes, such as a QR code.

The weighing scale 200 is connected to the weight display means
250 which in turn is connected to the database 451. The connection can be
wired or wireless by known means and protocols, e.g. Ethernet, WiFi,
HTTPS, RS232, GSM, FTP etc.

When filling a container with liquid CO2, a filling gun 400,
connected to a supply of liquid COz, is attached to the container 100. The
filling gun 400 is connected to the control means 450 for controlling the
amount of liquid COzto be filled, based on calculated and measured weight
of solid CO2. The control means 450 is a computer controlling opening and

closing of a valve in the filling gun 400. The amount of liquid CO:2 to be filled
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in each container 100 is thus based on the calculated weight of solid COz2 to
be supplied to the respective container 100 and measured weight of the
container 100 that is being filled with liquid CO2 that at least partially
converts into solid CO2 when in this container 100.

The functions and operations of the different devices comprised in
the system will now be further described with reference to the inventive
method.

The inventive method comprises several steps to be performed.
The method is typically performed when an order is received regarding
products to be transported from a storage or production facility to a specific
destination, e.g. a store or a shop.

The first step in the method is embodied by placing a container
100 on a weighing scale 200. The number of containers 100 placed on the
weighing scale 200 can range from 1 to 4, and will typically be 3 to 4
containers 100. Prior to placing a container 100 on the weighing scale 200,
they may be loaded with goods or products.

In one embodiment, the type of weighing means 200 used is a
weighbridge, as shown in Figure 1. In another embodiment, the weighing
means 200 is a wheel weight (not shown in the figures). In yet another
embodiment, the weighing means is a suspended spring weight (not shown
in the figures). The type of weighing means 200 used will depend on the
specific requirement or setup at the loading facility.

Each container 100 to be shipped is provided with a barcode 150
describing at least the type of container 100, the type of loaded one or more
products, the required residence time of the one or more products in said
container, and the destination of the container 100.

The next step in the method is scanning each barcode 150 of the
at least one thermally insulated container 100 by means of a barcode
scanner 300 and thereby generating barcode data.

The generated barcode data is transferred and stored in a
database 451. The barcode data is transferred to the database 451 via

known means, i.e. via cable or wireless. In one embodiment of the invention,
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the database 451 is accessible through a dedicated secured interface, e.g. a
secured Internet website.

The scanning of a barcode of a container 100 can be performed in
the loading process of loading a container 100 onto the weighing scale 200
or after a container 100 has been loaded on the weighing scale 200 and the
weight of the container 100 has been determined. Hence the steps of (a)
determining the weight of a container 100, optionally loaded with one or
more products, using weighing means 200; and (b) generating barcode data
by scanning a barcode 150, provided with the container 100, are
interchangeable and/or are interchanged.

The next step in the inventive method is calculating the amount of
CO2 to be filled in the container 100 based on the barcode data, for
example, on the temperature to be maintained in each container 100 during
the time of transportation to its destination, i.e. the loading time of the
products. The total amount of the liquid CO:z to be filled is based on the total
weight of solid COz2 to be supplied to a container 100 for maintaining its
content at a defined temperature, below a defined temperature, or within a
defined temperature range, which temperature or temperature range is
below environmental temperature during the whole transportation period.

In addition to the transportation time, another input parameter in
the calculation of the amount of CO:z is the environmental temperature of the
surroundings where the container will be located during transport.

The thermodynamic principle used will now be explained, wherein:
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The amount of energy Q, defined as heat quantity, is calculated in
order to determine the amount of COz2, necessary to compensate for this
amount of energy Q, lost through the walls of a given thermally insulated
container 100 during a given time, and for a given temperature difference.
The amount of COz allows a container 100 to maintain its internal
temperature at a defined temperature, below a defined temperature, or
within a defined temperature range.

Heat exchange overall coefficient k is a technical data given by the
manufacturer of the container 100. It depends on the insulation product used
(e.g. polystyrene, polyurethane, etc.). Heat exchange overall coefficient k is
linked to insulation thickness and component thermal conductivity.

Surface S is the total internal surface of the thermally insulated
container (m?), exposed to the environmental temperature.

AT is the difference between the environmental temperature Bext
and the internal temperature Bint. The internal temperature Bint is determined
by the products to be transported. Most of these product storage
temperatures are determined according to established European or local

directives, regulations or best practices. The environmental temperature Qext
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is determined by an operator each day or can be determined by a weather
station, located at the site of the operator, e.g. NETATMO weather station.
Hence, according to one embodiment, the environmental temperature can be
based on a temperature measurement or can be any temperature value,
determined by an operator. It is worth noting that solid CO2 (dry ice) has a
temperature of -109.3 °F (-78.5 °C) at 1 atmosphere. Hence, the internal
temperature can never be set lower than said temperature.

The environmental temperature can be modified by an operator
with an “adjustment factor” representing a percentage between early
morning and afternoon seasonal average variation. Usually, containers 100
for holding goods are prepared early in the morning and are transported
within the following day, depending on the distance between the preparation
area and the delivery point. The environmental temperature will typically be
higher in the middle of the afternoon. Said “adjustment factor’ will thus add a
standard percentage to the early morning environmental temperature. For
instance, if the environmental temperature early in the morning is 22 °C, an
adjustment factor of +30 % means that the maximal environmental tempe-
rature of the day will be around 28.6 °C. Using the system of Figure 3, an
operator can also use + or — signs (see Figure 3) to increase or decrease
the adjustment factor with his weather knowledge.

Hence, in one embodiment of the method according to the
invention, the environmental temperature is based on a temperature
measurement, adjusted with an adjustment factor.

In yet another embodiment, the environmental temperature used
for calculation is manually set, for example, by an operator. A scenario
where this is relevant is when the difference between the selected
environmental temperature and the measured environmental temperature is
too high, i.e. greater than a set level. The set level may, for instance, be 5
°C. If this is the case, an alarm will be triggered, or notification will be given
via the control screen (see Figure 3). An operator can then manually change
the value of the temperature to be used in the calculation of the amount of
CO:..
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Time t is determined by a guarantee of a total transport time (for
instance 48 hours) or a guarantee until an arrival time (for example, the
products are prepared on day A and, for instance, delivery is planned to be
made on day B at 13:00).

Usually, a safety coefficient a is further added to adjust the
thermodynamic formula to take into account, for instance, the aging of the
thermally insulated containers. This safety coefficient is adapted on a
container- by-container basis, for instance based on the operators'
knowledge and/or the results of a quality campaign.

When the temperature to be used in the calculation is determined,
the calculation of the amount of CO2 based on the weight of the container
100, optionally loaded with one or more products, will be done. The
calculation itself is based on a well-known thermodynamic calculation and
further details will not be described here.

After the amount of the solid COz, to be supplied to a container
100, has been calculated, the next step in the method is filling said container
100 with an amount of liquid COz2, thereby monitoring the weight of the
container, optionally loaded with one or more products, until the weight of
the container 100 is equal to the weight of the container 100, as determined
by weighing using said weighing means 200, increased by the weight of the
calculated amount of solid COz2. Filling will start once the filling gun 400 has
been connected to a container 100 and will stop once the calculated weight
of the COz for that container 100 has been reached.

If the filling fails due to, for instance, an emergency stop, e.g. a
filling gun 400 off hook signal or a too high level of CO: in the area, the
system will remember the last weight value and an operator can restart the
filling process to reach the calculated amount of solid COz, starting from said
last weight value. This is a big advantage compared to filling methods known
from the prior art in which filling will be halted.

Prior to filling each container 100, the weight can be reset. Hence,
the weight of the container 100, optionally loaded with one or more products,

is monitored until the weight of the container 100 is equal to the weight of
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the container, as determined by weighing (but reset to zero), increased by
the weight of the calculated amount of solid COz2.

The weight of the amount of solid CO2z supplied to a container 100,
as well as the date and time of filling/weighing is registered into said
database 451 together with its barcode data. The weight of each container
100 will then be traceable together with the other barcode data for each
container 100.

Figure 2 shows an overview of the different components that may
be comprised in the system for providing identification and traceability data,
determining the container 100 and its loaded one or more products, and for
enabling the identification of said container 100 during transport to a
particular destination.

Figure 2 illustrates the principle enabling full traceability for both
the supplier and the customer of the loaded products. The main component
in this set-up is the dosing system 3056 where all relevant data regarding
registered/scanned containers 100 are stored in a database 451.

The main inputs to the system comprising the database 451 are
barcode data, generated by the barcode reader 300, and weight data,
measured by the weighing scale 200. In one embodiment, the generated
barcode data is transmitted from a barcode scanner 300 with a built-in
wireless transmitter 301. In another embodiment, scanned data is sent from
the barcode scanner 300 with wired means and interface 302, e.g. RS232.

All data 303 identifying a container 100, are traceable from an
external server 304. Customers may log on to the database 451 for tracing
relevant parameters for their containers 100 with ordered products.

Figure 3 shows an example of a control panel 500 used for
controlling the system and the filling process. The panel is located at the
loading facility of the thermally insulated containers 100.

As mentioned above, the system can be operated automatically,
based on direct environmental temperature data (shown on display 506), or
an operator can manually override the environmental temperature, used in

the calculation of the amount of solid COz to be supplied to each cabinet.
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The type of container 100 used, the type of product transported,
the desired temperature 505 inside the container 100, and the time period
for maintaining a product frozen or cold, can be selected from different
default programs 507. By inputting a code on a number pad 501, an operator
can select such a specific program. The control panel can also be used for
making tailor-made programs for specific needs.

By pressing the sun sign (502, right upper area), the temperature
used in the calculations will increase, and by pressing the cloud sign (503,
right upper area), the temperature will decrease. Relevant selected
information will be displayed on a display panel 504.

The following describes an example of a typical user scenario
when using the system and method according to the present invention.

An operator of the system receives an order for a product and loads one or
more containers 100 with the ordered product. This may, for instance, be
frozen fish to be transported to a food shop at a distance with a travel time
of 6 hours (the residence time is at least equal to the travel time). The
specific food shop may or may not already be registered in the system, for
example, after having placed a previous order. If it is already registered,
returned containers 100 used in a previous shipment, are already provided
with barcodes 150 identifying the products and the customer. If it is not
registered, new barcodes 150 will be generated with relevant information.
According to one embodiment, the barcode data comprises at least data
such as the type of container 100, the type of loaded one or more products,
the required residence time of the one or more products in said container
100, and the destination of the container 100. Furthermore, it may contain
data identifying the customer.

The type of container 100 used, the time to maintaining a product
frozen (residence time of the one or more products), and the environmental
temperature will directly influence the amount of solid CO2 to be supplied to
the container 100 and hence, the amount of liquid COz to be injected into the
container 100.

Each container 100 with the frozen fish is subsequently loaded

onto a weighbridge 200. This operation is typically performed by means of
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an order picker forklift placing 3 to 4 containers 100 on the weighbridge 200.
The frozen fish may also be loaded into the containers 100 after the
containers 100 have been loaded onto the weighbridge 200.

The barcodes 150 on the containers 100 are scanned and the
barcode data is registered in the database 451 providing online access for
the customer. Based on the barcode data and the selected environmental
temperature (either determined by measurement or manually set), the
amount of solid COz to be supplied to each container 100 is calculated. The
weighbridge 200 may be reset before filling each container 100 such that
only the weight of the solid COz2 is shown.

An operator or a robot will then connect the filling gun 400 to the
container 100 to be filled, and filling is performed while the amount of solid
CO2 is measured. When the calculated amount of CO2 has been reached, as
determined from the weighing operation, the control means 450 controlling
the filling gun 400 will stop the filling and the actual weight of solid CO2 will
be registered in the database 451 together with the date and the time of
filling and the relevant barcode data for the filled container 100. The same
injection operation will be performed on the next container 100 until all
containers 100 on the weighbridge 200 are filled.

The invention further relates to the system for performing the
method as disclosed above. Furthermore, the invention relates to a system
for filling a container 100 with an amount of COz2, which is partially converted
into an amount of solid COz in said container, for the purpose of maintaining
one or more products, loaded into said container 100, at a defined
temperature, below a defined temperature, or within a defined temperature
range, which temperature or temperature range is below environmental
temperature, said system comprising weighing means for subjecting said
container 100 to a weighing operation resulting into a weight of said
container.

Moreover, the invention relates to a system for filling a container 100
with an amount of CO2, which is partially converted into an amount of solid
CO:zin said container 100, for the purpose of maintaining one or more

products, loaded into said container 100, at a defined temperature, below a
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defined temperature, or within a defined temperature range, which
temperature or temperature range is below environmental temperature, said
system comprising:

- weighing means 200, capable of determining the weight of said container
100;

- a barcode scanner, capable of scanning a barcode 150, provided with
said container 100 for generating barcode data;

- calculating means, capable of calculating the weight of the amount of solid
CO:2 to be supplied to the container 100, based on said barcode data; and

- filling means 400, capable of filling said container 100 with an amount of
liquid COz2 that at least partially converts into solid CO:2 into said container 100,
thereby monitoring the weight of the container 100, until the weight of the
container 100 is equal to the weight of the container previously determined,
increased by the weight of the calculated amount of solid COz2; and

- a database 100, capable of storing said barcode data, and data on the
weight of the amount of solid COz2, supplied to said container 100.

The invention further relates to a method of estimating a residence
time remaining of solid COz in a container 100. A user or recipient (e.g.,
final recipient such as a customer or intermediate recipient such as a
distributor) of the container 100 can receive the container 100 with the solid
CO:2 contained therein. The container 100 is designed to be capable of
receiving and storing one or more products. The products are to be
maintained using the solid CO2 at a defined temperature, below a defined
temperature, or within a defined temperature range. As used herein and
throughout, “defined temperature” or “defined temperature range” is a
suitable temperature or temperature range of a container 100 that has a
temperature or temperature range below an environmental temperature, in
which the defined temperature or defined temperature range is sufficient to
maintain preservation for a certain duration of one or more products loaded
or to be loaded into the container 100.
A machine-readable optical label such as a barcode 150 or QR

code that is included with the container 100 or associated packaging is

scanned by a scanner. The machine-readable optical label can be read by a
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smartphone or another dedicated reader to determine unique identification
information of the container 100. The machine-readable optical label is
included with the container 100 such that the machine-readable optical label
can be located anywhere on the outside or inside of the container 100 or
associated packaging.

Alternatively, the container 100 may include a radiofrequency (as
used herein, “RF”) transmitter, such as a RF tag (e.g., RFID tag), Bluetooth
tag or near-field communication (NFC) tag. In one example, the RF
transmitter is a NFC tag, which requires close proximity to the NFC reader.
In another example, the RF transmitter is a RF tag, which can operate over
longer ranges than NFC tags. The exact type of RF tag to use can depend
on the specific operational ranges required. The RF transmitter can be read
by a RF reader, such as a smartphone, other cloud connected device or a
purpose-built, cloud connected RF device to identify the unique identification
information of the container 100. “Cloud connected device” such as a “cloud
connected RF device” means any digital device that can be used to read
data related to the container and then transmit the data to a cloud database,
where the data can be stored. Examples include cameras, RF gateways,
scales and smartphones. “Cloud database” as used herein is intended to
mean a digital repository of information for individual containers that
contains specific attributes of the individual containers, in which the digital
repository of information can be appended or modified as information related
to the individual containers is collected over time. The RF transmitter can
relay a RF transmission that is received by the RF reader.

The machine-readable optical label or RF transmitter can be
attached to the container 100 or accompanying packaging. Either the
scanning of the machine-readable optical label or connecting to the RF
transmitter allows the container 100 to be recognized and specifically
identified, such that certain application software can be launched upon the
scanner or RF reader, respectively, linking to the application software. The
application software accesses unique identification information for container
100, preferably through a dedicated secured internet website. The unique

identification information of container 100 includes, but is not limited to, a
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tare weight of the container 100 and a standard sublimation rate associated
with the container 100. Generally speaking, the standard sublimation rate
defines the expected rate at which the solid CO:z in the container 100 is
converting or sublimating into vapor. The standard sublimation rate in one
example is determined by a supplier of the container 100 prior to transport of
the container 100 filled with solid CO:z to the user or recipient.

The unique identification information can be stored on the
machine-optical label or the RF transmitter and/or locally or remotely in a
database. The database can be, by way of example, maintained and stored
in a cloud database. For example, a serial identification number or model
number for container 100 may be locally accessed by application software
while other unique identification information of container 100 is remotely
accessed by application software from a database. The container 100 is
placed on the scale after the scale has been tared. A real-time weight of the
solid COz in the container 100 is determined by subjecting the container 100
to a weighing operation using a scale (e.g., weighing scale 200) resulting in
the real-time weight of the container 100.

After identifying the unique container 100, which can be based on
unique information retrieved through the machine-readable optical label or
RF transmitter, and having subject the container 100 to the weighing
operation, the application software determines the remaining residence time
for the solid CO:z in the container 100 as follows:

D = (W) — Whare)/Rs
where, D (days) is the remaining residence time of the solid COz in the
container 100, W(t) (Ibs) is the real-time weight of the solid COz2 in the
container 100 that is being measured at time t by subjecting the container
100 to the weighing operation using the scale, Wtare (IbS) is the weight of the
container 100 itself and Rs (Ibs/day) is the standard sublimation rate of the
solid COz2 in the container 100. Wiare and Rs, both of which form, at least a
portion of a particular container's 100 unique identification information, have
been previously inputted (i) locally into the machine-optical label, or the RF
transmitter or (ii) locally or remotely into a database. In one example, Whare

and Rs are inputted by a supplier of the container 100, where the supplier
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initially introduces solid CO: into the container 100 until a fill weight, W, is

created therein. It should be noted that Wfill has been previously added into
a database. The application software can access such unique identification

information at (i) or (ii).

It should be understood that the method of the present invention
can be utilized by any recipient or user having a need to periodically monitor
the remaining residence time of the solid CO:z in the container 100. The
monitoring can occur prior to or during transport or upon arrival of the
container 100 to a specific destination. The supplier of the container 100
may receive notification when a user or recipient of container 100 has
performed a real-time weight measurement.

The real-time weight determination may also occur with one or more
products inside of container 100. Alternatively, or in addition thereto, the step of
determining the real-time weight of the solid COz in the container 100 (W(t)) may
include subjecting the container 100 to the weighing operation in a presence of
accompanying packaging or accessories using the scale and resulting in the
real-time weight of the container 100, products therein, and the accompanying
packaging or the accessories. Examples of accessories can include various
components of container 100, such as, by way of example, a cap, a temperature
monitor or temperature device probe affixed to the container 100 or a sample
holder within container 100. Additionally, accessories can include return
labelling or other instructions of use provided with container 100. Accompanying
packaging can include, but is not limited to, the shipping box (e.g., cardboard
box) into which the container 100 is placed during transport. As used herein and
throughout, it should be understood that when products or accompanying
packaging or accessories are included in the measurement of the real-time
weight Wt, the tare weight Wtare includes those same products or accompanying
packaging such that the difference Wt — Wtare yields the weight of the solid CO2
dry ice in the container at time t. Preferably, the supplier of the container 100
receives notification when a user or recipient of container 100 has performed a
real-time weight measurement with one or more products loaded into container
100.
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Any suitable device may be utilized for hosting the application software
such as by way of example, a smart phone, smart scale, dedicated scanner, RF
reader (examples of which have been provided hereinbefore) or computer
terminal. The device is in a wired or wireless communication with a network and
a server. Alternatively, the application software can be located on the scale that
is used to perform the real-time weight measurement of the solid CO2 in the
container 100 that is being measured at time t.

The inventive method in another aspect includes an automatic
notification system that is configured to send one or more notification alerts to
one or more users or recipients when certain conditions are triggered. For
example, an alert can be transmitted when the measured real-time weight of the
solid COz2 is greater than the fill weight of the solid CO2. Such a notification alert
that the real-time weight is greater than the fill weight can indicate a potential
operational or system error has occurred (e.g., the weight measurement has
been performed incorrectly). The notification alert can be transmitted to one or
more recipients of container 100 to repeat the weight measurement to eliminate
the potential of an operational error where, by way of example, the weight
measurement has been performed incorrectly. The term “fill weight’ of the solid
CO2 as used herein is defined as the weight of the solid CO2 after the most
recent filling of the container 100 with an initial amount of the solid COs-.
Preferably, the fill weight is a value that is previously determined by a provider of
the container 100 (e.g., by a supplier of the container 100 that has preferably
also filled the container 100 with the solid COz2) and stored in a local or remote
database accessible by the application software.

Another type of notification alert can be generated when the calculated
remaining residence time of the solid COz is less than a specified critical limit.
For example, a notification alert can be transmitted to a user or recipient of the
container 100 when the remaining residence time of the solid COz in the
container 100 is less than one (1) day. In such an instance, the notification alert
is a message that instructs the user or recipient of container 100 to return the
container 100 to the supplier as a result of the remaining residence time
determined to be insufficient for further use (e.q., insufficient for the preservation

of one or more products loaded or to be loaded into container 100 at or below a
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certain defined temperature or within a defined temperature range).

Alternatively, or in addition thereto, the conditions under which return of the
container 100 should occur can be provided as instructions of use, which may be
included with the container 100 and associated packaging.

A notification alert can also be generated when the actual sublimation
rate, Ra, is outside a specified tolerance of the standard sublimation rate, Rs,
where Ra can be determined as follows:

Ra= (Wrin — W(E))/(T(t)-Trn)
where, Ra is the actual sublimation rate (Ibs/day); Wi is the weight of the
container 100 after the most recent filling of the container 100 with an initial
amount of the solid CO:2 occurring at an initial time Tri; and W(t) is the real-time
weight of the container 100 that is being measured at time T(t) by subjecting the
container 100 to the weighing operation using the scale. Wrsi and T are
preferably values stored in a database that is accessible locally or remotely by
the application software. It should be understood, that the same weight of
product and/or accompanying packaging or accessories should be included in
Wi and W(t) such that the difference W — W(t) yields an accurate
measurement of the amount of solid CO2 that has sublimated over the time
interval T(t) — Trn. A value of Ra greater than a value of Rs can indicate a
container 100 that has structurally degraded and the expected solid CO2
residence time might not be achieved.

In yet another embodiment of the present invention, a method of
preparing a container 100 with solid COz introduced inside the container 100 is
provided. The container 100 is configured to contain one or more products; and
the products are to be maintained using the solid CO: at a defined temperature,
below a defined temperature, or within a defined temperature range, the defined
temperature or the defined temperature range being below an environmental
temperature, in which the defined temperature or the defined temperature range
is sufficient to maintain preservation for a certain duration of one or more
products loaded or to be loaded into container 100. The method is capable of
providing an estimate of residence time of the solid CO2 remaining in the
container 100 on a real-time basis. A standard sublimation rate, Rs, (Ibs/day) of

a container 100 and a tare weight, Whare (Ibs), is determined. Next, solid COz is



WO 2020/231692 PCT/US2020/031602

10

15

20

25

30

filled into an inner part of the container 100 until a fill weight of the solid COz is
generated inside the container 100. It should be understood that solid CO2 may
be filled into the container 100 in any manner, including by transferring solid COz2
in the form of pellets, nuggets, flakes or slab of dry ice, as well as charging liquid
COz2 from a liquid COz source into the container 100 such that at least a portion
of the liquid CO:z is converted into solid COz.

A machine-readable optical label or RF transmitter can be affixed to or
included with the container 100 or associated packaging. For example, a
machine-readable optical label or RF transmitter can be included with the
container 100 such that the machine-readable optical label or RF transmitter can
be located anywhere on the outside or inside of the container 100 or associated
packaging. Unique identifier information of the container 100 is inputted into a
database or into the machine-readable optical label or into a RF transmitter. The
unique identifier information of the container 100 comprises, but is not limited to,
a standard sublimation rate of the solid COz in the container 100, a tare weight of
the container 100 and a fill weight of the container 100, all of which can be
accessed by application software upon scanning the machine-readable optical
label or connecting to the RF transmitter. Other types of unique identifier
information may be included, such as by way of example, the manufacturing date
of the container 100 and a model number of the container 100. The application
software is configured to calculate the residence time of the solid COz in the
container 100 based on the tare weight, the fill weight and the standard
sublimation rate. The application software is also configured to calculate the
remaining residence time based on the tare weight, the standard sublimation rate
and the weight of the solid CO2 remaining in the container 100 that is measured
subsequent to the fill weight. It should be understood that the step of measuring
the weight of the solid CO: filled into the container 100 or solid COz remaining in
the container 100 can be performed in the presence of accompanying packaging
or accessories as previously described herein.

Having prepared the container 100 with solid CO: introduced (e.qg.,
loaded or charged) inside the container 100, certain arrangements can made for
delivering the container 100 to an intermediate and/or final destination site. In

one example, the container 100 with solid CO: filled therein is transported by a
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commercial carrier such as United Parcel Service (UPS) or Federal Express
(FedEXx) to the intermediate or final destination site for access or use by a
corresponding intermediate recipient or final recipient. Additionally, instructions
for use and instructions for handling of the container 100 can also accompany
the container 100 during transport.

The step of preparing the container 100 can include assigning an
alphanumeric identification (ID) number for the container 100. The ID number
can be stored and maintained on a machine-readable optical label or RF
transmitter and/or locally or remotely in a database that is accessible by the
application software. The ID is one of the pieces of information that is
considered part of the unique identifier information of a container 100. In one
example, the ID is a serial number. The database contains historical information
of the container 100, including weight measurements of the container 100 and
the time, location and dates when such weight measurements were performed,
along with identification of the type of weight measurement. The type of weight
measurement can be a (i) tare weight of container 100, (ii) a fill weight of
container 100, or (iii) a real-time weight of the container 100 that is being
measured subsequent to the fill weight at time t by subjecting the container 100
to a weighing operation using a scale. The historical information of the container
100 can include measurements performed by suppliers, users and recipients of
the container 100. The historical information is preferably accessible by the
supplier of the container 100, but also may be accessible by the recipients and
users of the container 100.

As part of the preparation of container 100, an actual sublimation rate
of the container 100, Ra (Ibs/day) can be determined as previously described
herein. The actual sublimation rate can be compared with a standard
sublimation rate, Rs, as previously described herein, with certain notification
alerts generated should the Ra exceed a specified tolerance of the Rs.

Other methods for identification of the unique identification information
of the container 100 by the application software are contemplated. For example,
digital image processing techniques can be employed to carry out the present
invention. In one example of a digital image processing technique, a dedicated

cloud connected device, such as a smartphone camera, can be utilized to
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identify the unique identification information. The identification is based on
algorithms typically used in applications such as facial recognition, whereby the
algorithms recognize and read certain text, numbers and various types of
graphics. In particular, the camera-based technique which can be used in the
present invention reads a unique alphanumeric or pictographic label on the
container 100 or accompanying packaging as the means for identifying the
unique identification information.

The present invention contemplates various ways for identifying a
container. For instance, the identification process can be performed manually.
An example of a manual identification process of a container involves a user
using a smartphone to read a barcode. A cellular connection links unique
identification information of the container to a cloud database. The identification
process can also be done by an automatic process without user intervention. An
example of an automated process involves a cloud connected RF scanning
device identifying a container that is in close proximity through a RF transmitter
on the container. Upon identifying the container, a cloud database is linked to by
the RF scanning device or information relating to the container is uploaded into
the cloud database by the RF scanning device.

It should be understood that the principles of the present invention are
applicable for estimating a residence time remaining of other refrigerants in a
container. For example, a recipient (e.g., intermediate or final) can receive the
container with refrigerant. The container is configured to contain one or more
products; and the products are to be maintained using the refrigerant at a
defined temperature, below a defined temperature, or within a defined
temperature range, the defined temperature or the defined temperature range
being below an environmental temperature, in which the defined temperature or
defined temperature range is sufficient to maintain preservation for a certain
duration of the one or more products loaded or to be loaded into container. A
machine-readable optical label is scanned or a RF transmission from a RF
transmitter included with the container is received to enable launching of
application software as a result of the application software linking to the unique
identifier information of the container 100. The machine-readable optical label

and RF transmitter as included with the container can be located anywhere on
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the outside or inside of the container and associated packaging. The application
software accesses unique identification information for the container from the
machine-readable optical label or the RF transmitter. The unique identification
information resides locally on the machine-readable optical label or the RF
transmitter or remotely on a database. The unique identifier information includes
a tare weight of the container and a standard refrigerant evaporation rate
associated with the container. A real-time weight of the container is determined
by subjecting the container to a weighing operation using a scale, resulting in the
real-time weight of the container. The residence time remaining is determined
such that the one or more products can be maintained at the defined
temperature, below the defined temperature, or within the defined temperature
range.

In another embodiment, a method of preparing the container with
refrigerant introduced inside the container is provided. The container is adapted
to provide an estimate of a residence time of the refrigerant remaining in the
container on a real-time basis. A standard refrigerant evaporation rate
associated with the container is determined. A tare weight of the container is
also determined.

An inner part of the container is filled with the refrigerant until a desired
fill weight of the refrigerant is generated inside the container. A machine-
readable optical label or RF transmitter is affixed to or included within the
container, such that the machine-readable optical label or RF transmitter can be
located anywhere along the outside or inside of the container and associated
packaging. Unique identifier information of the container is inputted into a
database, the machine-readable optical label or the RF transmitter or a
combination thereof. The unique identifier information of the container includes,
but is not limited to, the standard evaporation rate, the tare weight of the
container and the fill weight of the container, all of which can be accessed by
application software upon scanning the machine-readable optical label or
connecting to the RF transmitter. The application software is configured to
calculate the residence time of the refrigerant in the container based on the tare
weight, the fill weight, and the standard refrigerant evaporation rate. The

application software is also configured to calculate the remaining residence time
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based on the tare weight, the standard refrigerant evaporation rate and the
weight of the refrigerant remaining in the container that is measured subsequent
to the fill weight. It should be understood that the step of measuring the weight
of the refrigerant filled into container or refrigerant remaining in the container can
be performed in the presence of accompanying packaging or accessories as
previously described herein.

In one example, the refrigerant is liquid nitrogen absorbed onto an
absorbent. In another example, the refrigerant is helium.

The methods of the present invention allow for real-time assessment of
the functional performance of the container. By (i) estimating Ra or an actual
evaporation rate, (ii) comparing the Ra or actual evaporation rate of refrigerant
with the Rs or standard evaporation rate of refrigerant, and then (iii) determining
the Ra or the actual evaporation rate of the refrigerant to be unacceptably higher
than the Rs or standard evaporation rate of the refrigerant, the present invention
allows for detection of containers that may have structurally degraded and as a
result should be removed from operational service; such real-time detection and
notification is a benefit not previously provided by containers filled with solid CO2
or other refrigerants. Additionally, the ability of the present invention to assess
on a real time basis the estimated remaining residence time of the solid CO2 or
other refrigerant in the container allows for a more efficient use and management
of a fleet of the containers filled with solid COz or other refrigerant, whereby
decisions on where to transport the containers can be made by anyone in the
supply chain from supplier to final user or recipient, as a result of timely
notification alerts provided based on real-time weight measurements of the
container being performed. In one example, when the refrigerant is solid CO»,
and the Ra is determined to fall within an acceptable tolerance of the Rs,
containers with less than one (1) day of residence time remaining of the solid
COz2 in the container are recommended by the application software to be
returned to the supplier, whereas containers with greater than one (1) day of
residence time remaining of the solid CO:z in the container are deemed
functionable (i.e., configured to contain one or more products, wherein the
products are to be maintained using the solid CO:2 at a defined temperature,

below a defined temperature, or within a defined temperature range, the defined
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CLAIMS
1. A method for estimating a remaining residence time of solid CO2 in a

container, comprising:

receiving the container with the solid CO2, wherein the container is
configured to contain one or more products; and wherein the products are to
be maintained using the solid CO:2 at a defined temperature, below a defined
temperature, or within a defined temperature range, the defined temperature
or the defined temperature range being below an environmental
temperature;

scanning a machine-readable optical label or connecting to a
radiofrequency (RF) transmitter, said machine-readable optical label or said
RF transmitter affixed to or included with the container or accompanying
packaging;

launching application software;

accessing unique identification information for the container from the
machine-readable optical label or the RF transmitter, said unique
identification information residing locally on the machine-readable optical
label or the RF transmitter; or residing locally or remotely in a database or a
combination thereof, said unique identification information including a tare
weight of the container and a standard sublimation rate associated with the
container;

determining a real-time weight of the solid COz in the container by
subjecting the container to a weighing operation using a scale resulting in
the real-time weight of the container;

calculating the residence time remaining, that the one or more
products can be maintained at the defined temperature, below the defined
temperature, or within the defined temperature range;

said residence time remaining based, at least in part, on the real time
weight of the solid CO2 in the container and the standard sublimation rate.

2. The method according to claim 1, wherein the step of determining the
real-time weight of the solid CO:2 in the container includes subjecting the
container to the weighing operation in a presence of the accompanying
packaging or accessories using the scale and resulting in the real-time weight of
the container and the accompanying packaging or the accessories.
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3. The method according to claim 1, further comprising the steps of

confirming (i) the scale is tared and (ii) the container is placed on the scale.

4. The method of claim 1, comprising the step of sending an alert when the
real-time weight of the container is greater than a fill weight of the container, said
fill weight defined as the weight of the container after a most recent filling of the
container with an initial amount of the solid CO2, said fill weight previously
obtained and stored in a database of the application software.

5. The method according to claim 1, wherein the container is loaded with the

one or more products.

6. The method according to claim 1, wherein the step of launching the

application software further comprises a device hosting the application software.

7. The method according to claim 6, wherein the device is in a wired or

wireless communication with a network and a server.

8. The method according to claim 1, a notification alert being generated
when the calculated residence time remaining is less than a specified critical
limit, said notification alert instructing return of the container to a supplier of the

container.

9. The method according to claim 1, wherein an actual sublimation rate is
determined based on a fill weight, the real-time weight, the weight of the one or
more products that may be loaded into the container, and a time transpired
between the fill weight and the real-time weight, said fill weight defined as the
weight of the container after a most recent filling of the container with an initial
amount of the solid COz2, said fill weight previously obtained and stored in a
database of the application software.

10. The method according to claim 9, wherein a notification alert is generated
when the actual sublimation rate is outside a specified tolerance of the standard

sublimation rate.
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11. The method according to claim 1, wherein data for the real-time weight of

the solid COz in the container is stored in a database of the application software.

12. A method of preparing a container with solid COz2 introduced inside the
container, wherein the container is adapted to provide an estimate of residence
time of the solid COz2 in the container on a real-time basis, comprising:

determining a standard sublimation rate of the container;

determining a tare weight of the container;

filling an inner part of the container with the solid CO2 until a fill weight of
the solid COz is generated inside the container;

wherein the container is configured to contain one or more products; and
wherein the products are to be maintained using the solid CO:2 at a defined
temperature, below a defined temperature, or within a defined temperature
range, the defined temperature or the defined temperature range being below an
environmental temperature;

affixing to or including within the container or associated packaging a
machine-readable optical label or RF transmitter.

inputting into a database or into the machine-readable optical label or RF
transmitter or a combination thereof unique identifier information of the container,
said unique identifier information of the container comprising the standard
sublimation rate, the tare weight of the container, and the fill weight of the
container;

wherein the standard sublimation rate, the tare weight, and the fill weight
can be accessed by application software upon scanning the machine-readable
optical label or connecting to the RF transmitter;

said application software configured to calculate the (i) residence time of
the solid COz in the container based on the tare weight, the fill weight, and the
standard sublimation rate, or the (ii) remaining residence time based on the tare
weight, the standard sublimation rate and the weight of the solid CO2 remaining

in the container measured subsequent to the fill weight.

13.The method of claim 12, further comprising arranging for delivering of the

container to a destination site via a commercial carrier.
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14.The method of claim 12, wherein the step of measuring the weight of the
solid CO2 remaining in the container is performed in the presence of

accompanying packaging or accessories.

15.The method of claim 12, wherein the step of preparing the container
further comprises assigning an identification (ID) number for the container into a
database of the application software, said ID number forming part of the unique

identifier information of the container.

16. The method of claim 12, further comprising retrieving historical information

of the container, said historical information located in a database.

17.The method of claim 12, further comprising receiving notification when the
container has been subject-to a weighing operation using a scale resulting in a

real-time weight of the container and accompanying packaging.

18. The method of claim 12, further comprising performing a weight
measurement after confirming (i) a weighing scale is tared; and (ii) the container

is placed on the weighing scale.

19. The method of claim 12, further comprising:
determining an actual sublimation rate;
comparing the actual sublimation rate with the standard sublimation
rate; and
sending an alert to inspect the container when the actual sublimation

rate is outside a specified tolerance of the standard sublimation rate.

20. The method of claim 12, further comprising accessing the database

through a dedicated secured Internet website.

21.A method for estimating a remaining residence time of a refrigerant in a
container, comprising:
receiving the container with the refrigerant, wherein the container is
configured to contain one or more products; and wherein the products are to
32



10

15

20

25

30

35

be maintained using the refrigerant at a defined temperature, below a
defined temperature, or within a defined temperature range, the defined
temperature or the defined temperature range being below an environmental
temperature;

scanning a machine-readable optical label or connecting to a RF
transmitter, said machine-readable optical label or said RF transmitter
affixed to or included with the container or associated packaging;

launching application software;

accessing unique identification information for the container from the
machine-readable optical label or the RF transmitter, said unique
identification information residing locally on the machine-readable optical
label or the RF transmitter, or residing locally or remotely in a database or a
combination thereof, said unique identification information including a tare
weight of the container and a standard refrigerant evaporation rate
associated with the container;

determining a real-time weight of the refrigerant in the container by
subjecting the container to a weighing operation using a scale resulting in
the real-time weight of the container;

calculating the residence time remaining, that the one or more
products can be maintained at the defined temperature, below the defined
temperature, or within the defined temperature range;

said residence time remaining based, at least in part, on the real time
weight of the refrigerant in the container and the standard refrigeration

evaporation rate.

22.A method of preparing a container with refrigerant inside the container,
wherein the container is adapted to provide an estimate of residence time of the
refrigerant in the container on a real-time basis, comprising:

determining a standard refrigerant evaporation rate associated with the
container;

determining a tare weight of the container;

filling an inner part of the container with the refrigerant until a fill weight of
the refrigerant is generated inside the container;

wherein the container is configured to contain one or more products; and
wherein the products are to be maintained using the refrigerant at a defined
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temperature, below a defined temperature, or within a defined temperature
range, the defined temperature or the defined temperature range being below an
environmental temperature;

affixing to or including within the container or associated packaging a
machine-readable optical label or RF transmitter;

inputting into a database, into the machine-readable optical label or RF
transmitter, or into a combination thereof, unique identifier information of the
container, said unique identifier information of the container comprising the
standard refrigerant evaporation rate, the tare weight of the container, and the fill
weight of the container;

wherein the standard refrigerant evaporation rate, the tare weight, and the
fill weight can be accessed by application software upon scanning the machine-
readable optical label or connecting to the RF transmitter;

said application software configured to calculate the (i) residence time
of the refrigerant in the container based on the tare weight, the fill weight,
and the standard refrigerant evaporation rate, or the (ii) remaining residence
time based on the tare weight, the standard refrigerant evaporation rate and
the weight of the refrigerant remaining in the container measured

subsequent to the fill weight.
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