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Description

The present invention relates to a cooling device, in particular a cooling device in the form
of a freezer, having a closable cooling space, an electrically operated cooling circuit, and
preferably a cold storage pack, wherein the at least one closable cooling space and the cold
storage pack can be cooled by the electrically operated cooling circuit. Further, the invention
relates to a first, second and third method to operate a cooling device according to the

present invention.

Such cooling devices, in particular freezers, are employed among others in remote areas,
in particular in developing countries, where a stable, safe and continuous energy supply, for
example via a power grid, cannot be guaranteed. Nevertheless, especially in these areas,
where extreme climatic conditions often prevail, an uninterrupted cold chain for storing
sensitive refrigerated goods is essential. Foodstuffs and in particular medical products, such
as for example vaccines, stored blood, or any other type of blood products may be
considered to be sensitive refrigerated goods. In particular, storing the aforementioned
products according to the manufacturer’s requirements to maintain usability and
effectiveness of the products is often difficult, which is considered to be one of the causes
of extremely poor living conditions of people living in such areas and significantly contributes

to the high mortality rate.

In known cooling devices, the closable cooling space and an optional cold storage pack are
cooled by the electric cooling circuit provided that electricity is available. In the event of a
failure of the energy or electricity supply, the closable cooling space and thus any
refrigerated goods present in the cooling space, such as for example food stuff or medical
products, are protected by the cooling device against excessive heating due to the insulated
construction of the known cooling devices. Known cooling devices are disclosed in
BE1018559A6, US2010/10254A1, CN201593896U and US2012/023987 A1,
US2013/327077, EP21693331 A2, US5379596 A, US2014/265573 Al.

Moreover, there is the need, especially in the above-mentioned regions where a stable, safe

and continuous energy supply cannot be guaranteed, to operate other electrical devices,
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for example electrically operated lamps, cellphones, computers, medical devices, or the like
so0 long as an energy supply is available. As is known, the frequently occurring simultaneous
operation of a plurality of electricity consuming devices causes the demand for electrical
power to rise sharply and thus exceed the capacity of the existing energy supply, so that

the supply of the existing cooling device with electrical power is no longer ensured.

In order to avoid this, it is known to use temporary storage of electricity by means of batteries,
wherein the batteries are continuously charged during the period in which energy is
available. Due to their capacity to store electrical energy the batteries buffer peak loads that
arise when a plurality of electricity consuming devices are switched on such that the battery
is discharged as long as the demand for electrical power is higher than that which can be

made available via the energy supply.

These systems have proven to be extremely practicable in long-term field tests. However,
for the safe operation of a cooling device, the additional batteries have to be carried along.
Disadvantages arise here, on the one hand, from the high weight of the batteries during
transport of the cooling device to its place of use. Moreover, it has proven to be a problem
that batteries for ensuring the energy supply of the cooling device only have a limited service
life. Their renewal and disposal causes high costs and a considerable effort. Furthermore,

improper disposal of batteries leads to health and environment dangers.

It is therefore an aim of the present invention to provide a cooling device that ensures the
desired cooling function and also allows the operation of additional electricity consuming
devices, wherein a safe and reliable operation of the cooling device, in particular under
adverse conditions, without any impairments is made possible, that is to say, that the cooling
space and the refrigerated goods present in the cooling space are reliably stored in the
desired temperature range and at the same time the supply of electricity to at least one

further electricity consuming device is made possible.

This aim is achieved with a cooling device according to claim 1 as well as a method for
operating a cooling device according to claim 11, claim 12, or claim 13. Advantageous

embodiments of the cooling device and the methods for operating the same are described
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in the dependent claims.

The cooling device according to the invention is distinguished from the cooling devices
known from the prior art in that the cooling device has a power distributor for distributing
electrical power from at least one regenerative power source to an electrically operated
cooling circuit of the cooling device and to at least one further electricity consuming device,
and that the power distributor has at least one power input, a first power output and at least
one second power output, wherein the at least one power input can be connected to the at
least one regenerative power source and the first power output is provided as a cooling
device connection for connecting the electrically operated cooling circuit of the cooling
device and wherein the at least one second power output is provided as an electricity
consuming device connection for connecting the at least one further electricity consuming
device. In addition, the power distributor has a control system with a memory, a computing
unit and priority logic, wherein in the event of a lack of electrical power from the at least one
regenerative power source, the priority logic preferentially supplies the electrically operated

cooling circuit of the cooling device with power.

In the cooling device according to the invention, an additional battery for buffering peak
loads is dispensed with, without reducing the security of supply of sufficient electrical power
to the cooling device. According to the invention this is achieved by the preferential supply
of electricity to the electrically operated cooling circuit of the cooling device. This can be
done independently by controlling the power distributor based on its priority logic and
without manual intervention by the operating personnel on the power distributor. The
cooling device according to the invention also ensures that the electrical power generated
by the at least one regenerative power source is used effectively since the preferential
supply to the cooling device only operates when there is a lack of electrical power of the at

least one regenerative power source.

The connection between the at least one regenerative power source, the power distributor,
the electrically operated cooling circuit, and the at least one further electricity consuming

device is preferably via an electrical conducting cable connection. The connection between
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the at least one further electricity consuming device and the power distributor can also be
made wirelessly. If the power distributor is arranged separately from the housing of the
cooling device, arranging the cooling device connection as a plug connection is expedient,
as is also the case for the electricity consuming device connection and the power input at
the power distributor. In this way, the at least one further electricity consuming device and
the at least one regenerative power source can be easily connected to the power distributor.
Furthermore, the power distributor of the cooling device can easily be replaced. If, on the
other hand, the power distributor is arranged integrated in the housing of the cooling device,

arranging the cooling device connection as a plug connection may be dispensed with.

In a preferred embodiment of the cooling device, the at least one regenerative power source
is a solar collector or a wind-driven generator. Arranging the regenerative generator as a
solar collector or as a wind-driven generator has the advantage that the cooling device and
its electrically operated cooling circuit can be operated independently from the availability
of a local power network. Also, solar devices and wind-driven generators can relatively easy
be transported to and installed in remote areas. In addition, since the preferred places of
use of the cooling device, in particular in developing countries, often have regular and long-
term solar radiation or there is sufficient wind, solar collectors or wind-driven generators are

particularly suitable for use as regenerative power sources.

In an advantageous embodiment of the cooling device the power distributor has at least
one first sensor for determining the power consumption of the electrically operated cooling
circuit of the cooling device. This makes it particularly effective to determine whether the
cooling circuit of the cooling device is supplied with sufficient electricity or whether there are
fluctuations in the power supply of the cooling device. The first sensor can determine the
power consumption of the electrically operated cooling circuit of the cooling device directly
or indirectly. In indirect determination of the power consumption the sensor measures
further electrical parameters, for example the supply voltage applied to the cooling device
and/or the current flow. If an insufficient supply for the electrically operated cooling circuit of
the cooling device is detected, the control system of the power distributor with the priority

logic preferentially supplies the electrically operated cooling circuit with electricity over other
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electricity consuming devices. As used in the present application, the power consumption
of the electrically operated cooling circuit of the cooling device should be understood as the
power consumption of the entire cooling device, i.e. the power the cooling device consumes

to maintain the cooling function.

In one embodiment of the cooling device, the power distributor has at least one second
sensor for determining the density of available energy. This allows a prediction of how much
electrical power the at least one regenerative power source supplies and whether this is
sufficient to supply the at least one further electricity consuming device with sufficient power
in addition to the electrically operated cooling circuit of the cooling device. The density of
the available energy should be understood to mean the amount of energy acting on the at
least one regenerative power source. In the case of a solar collector, for example, this is the
intensity of the solar radiation acting on the solar collector. This can be determined, for
example, using a photoelectric cell. If a wind-driven generator is used as the at least one
regenerative power source, the density of the available energy means the strength of the
wind, which can be determined, for example, by an anemometer. The second sensor is
preferably arranged such that it is exposed as directly as possible to the energy acting on
the at least one regenerative power source in order to achieve exact measured values. For
example, it is sensible to connect the second sensor with a wiring to the power distributor
and to position the second sensor as close as possible to the at least one regenerative

power source.

In an advantageous embodiment of the cooling device the power distributor disconnects the
at least one further electricity consuming device from the at least one regenerative power
source as soon as the electrical power produced by the at least one regenerative power
source falls below the power consumption of the cooling device and the at least one further
electricity consuming device. By disconnecting the at least one further electricity consuming
device from the at least one regenerative power source, the electrically operated cooling
circuit can be supplied preferentially with electricity in a particularly simple manner. In this
way, the cooling of the closable cooling space is not adversely affected by other electricity

consuming devices , even if the electrical power of the at least one regenerative power
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source drops. The at least one further electricity consuming device can be disconnected
from the at least one regenerative power source by, for example, switching off the at least

one second power output.

In a preferred embodiment of the cooling device the power distributor connects the at least
one further electricity consuming device to the at least one regenerative power source as
soon as the electrical power produced by the at least one regenerative power source
exceeds the power consumption of the electrically operated cooling circuit of the cooling
device and the at least one further electricity consuming device. This ensures that the
electrical power generated by the at least one regenerative power source is not wasted.
The at least one electricity consuming device can be connected to the at least one
regenerative power source by the control system of the power distributor switching on the

at least one second power output.

For the operation of the cooling device, it is advantageous that when a plurality of further
electricity consuming devices are operated, disconnection from or connection to the at least
one regenerative power source is carried out by the power distributor depending on the
power consumption of the respective further electricity consuming device. In this way, an
improved use of the excess energy that is not needed for the operation of the electrically
operated cooling circuit is achieved. It is also possible that the control system of the power
distributor connects or disconnects the plurality of further electricity consuming devices
either individually or in groups to the at least one regenerative power source depending on
how much electrical energy is available that is not needed by the electrically operated
cooling circuit. The plurality of further electricity consuming devices can be divided into
groups by the control system of the power distributor, so that the sum of the electrical power
needed by the plurality of the further electricity consuming devices corresponds as far as

possible to the unused electrical power of the at least one regenerative power source.

In an advantageous embodiment of the cooling device, the power distributor supplies the at
least one electricity consuming device with electricity when the electrically operated cooling

circuit of the cooling device does not consume any electrical power. This provides the
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advantage that the at least one regenerative power source required for the supply of the
electrically operated cooling circuit can be designed for a lower electrical power output and
thus be more compact and less expensive. Since the electrically operated cooling circuit of
the cooling device operates preferentially, that is to say cools the at least one cooling space
when the temperature in the at least one closable cooling space risks exceeding the
temperature range desired for the storing of the refrigerated goods, this means that the
electrically operated cooling circuit does not require electrical power when the temperature
in the at least one closable cooling space corresponds to a desired temperature range. The
electrical power of the at least one regenerative power source then in excess can be
supplied to the at least one further electricity consuming device for the period in which the

electrically operated cooling circuit is not in operation.

In a preferred embodiment of the cooling device, the electricity consuming device
connection is designed as a charging device for a battery-operated electricity consuming
device, in particular a lamp and/or a mobile phone and/or a computer. However, all other
types of electrically operated electricity consuming devices are also possible, for example
medical devices. By connecting a battery-operated electricity consuming device to an
electricity consuming device connection, the excess electrical power of the at least one
regenerative power source can be stored in the battery of the battery-operated electricity
consuming device. Thus, for example, there is also sufficient light available at night to treat
patients in a remote area with medical products stored in a cooling device according to the
invention, or to obtain medical advice or help via communication devices, such as the
computer or telephone, without having to provide an additional regenerative power source

for the supply of the battery-operated electricity consuming device.

A first method according to the invention for operating a cooling device according to the
invention comprises the following method steps:

a) a first determination of the power consumption of the electrically operated cooling
circuit of the cooling device by the first sensor before connecting the at least one further
electricity consuming device to the at least one regenerative power source;

b) storing the first determination in the memory of the control system;
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C) connecting the at least one further electricity consuming device to the at least one
regenerative power source;

d) a second determination of the power consumption of the electrically operated cooling
circuit of the cooling device by the first sensor after the at least one further electricity
consuming device has been connected to the at least one regenerative power source;

e) comparison of the first determination with the second determination in the
computing unit;

f) disconnecting the at least one further electricity consuming device from the at least
one regenerative power source if the power consumption of the second determination is
below the power consumption of the first determination;

g) periodic repetition of method steps a) to f).

The method is based on the realization that the power consumption of the electrically
operated cooling circuit decreases as soon as the at least one further electricity consuming
device is switched on and the electrical power produced by the at least one regenerative
power source is insufficient to supply both the electrically operated cooling circuit and the
at least one further electricity consuming device with sufficient electricity. This decrease in
the power consumption is determined by the first sensor of the power distributor and passed
on to the control system of the power distributor. Using the priority logic, the control system
then causes the at least one further electricity consuming device to be disconnected from

the at least one regenerative power source.

If, on the other hand, sufficient electrical power of the at least one regenerative power
source is available for the operation of the electrically operated cooling circuit of the cooling
device and the at least one further electricity consuming device, the power consumption of
the electrically operated cooling circuit does not decrease in the second determination
compared to the first determination. Accordingly, the at least one further electricity

consuming device can continue to be operated.

Since processing steps a) to f) are repeated periodically, i.e. regularly, on the one hand, an

increase or decrease in the electrical power produced by the at least one regenerative
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power source is detected by the control system of the power distributor and, accordingly,
the at least one further electricity consuming device is connected to or disconnected from
the at least one regenerative power source. In addition, the control system of the power
distributor also takes in to account a changed power consumption of the electrically
operated cooling circuit, for example when it operates to cool the at least one closable
cooling space or when the electrically operated cooling circuit is not in operation. This
makes it possible to deliver a maximum of excess electrical power to the at least one further

electricity consuming device.

The second inventive method for operating a cooling device according to the invention
comprises the following method steps:

a) inputting the maximum power consumption of the electrically operated cooling
circuit of the cooling device, inputting the performance characteristics of the regenerative
power source, and inputting the maximum power consumption of the at least one further
electricity consuming device into the memory of the control system;

b) determining the density of the available energy by the second sensor;

C) calculating the available power of the regenerative power source in the computing
unit of the control system based on the performance characteristics of the regenerative
power source and the density of the available energy;

d) connecting the at least one further electricity consuming device to the at least one
regenerative power source if the available power of the regenerative power source is
greater than or equal to the sum of the maximum power consumption of the electrically
operated cooling circuit of the cooling device and the maximum power consumption of the
at least one further electricity consuming device;

e) disconnecting the at least one further electricity consuming device from the at least
one regenerative power source if the available power of the regenerative power source is
less than the sum of the maximum power consumption of the electrically operated cooling
circuit of the cooling device and the maximum power consumption of the at least one further
electricity consuming device;

f) periodic repetition of method steps b) to e).
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The second method provides the advantage that a fixed amount of the electrical power
produced by the at least one regenerative power source is always reserved for operating
the electrically operated cooling circuit of the cooling device. As a result, the electrical power
provided for the at least one further electricity consuming device is reduced, but at the same
time the security for supplying sufficient electrical energy to the cooling device is increased.
The method is based on predicting how much electrical power the at least one regenerative
power source produces and whether this is sufficient to supply the at least one further
electricity consuming device with sufficient electricity in addition to the electrically operated
cooling circuit of the cooling device. The available power of the at least one regenerative
power source is calculated on the basis of the performance characteristics of the at least
one regenerative power source and the determined density of the available energy. The
performance characteristics of the at least one regenerative power source are used in the
context of the invention to calculate how much electrical power is actually provided by the

at least one regenerative power source at the density of available energy.

If the amount of the available electrical power of the regenerative power source is greater
than or equal to the sum of the maximum power consumption of the electrically operated
cooling circuit of the cooling device and the maximum power consumption of the at least
one further electricity consuming device the control system connects the at least one further
electricity consuming device to the at least one regenerative power source. If, on the other
hand, the available power of the regenerative power source is not sufficient, the at least one
further electricity consuming device is disconnected from the at least one regenerative

power source by the control system or is not connected to it at all.

Since the determination of the density of the available energy and the subsequent method
steps are performed periodically, i.e. are regularly repeated, the control system of the power
distributor ensures that even in the case of a variable density of the available energy, the
electrically operated cooling circuit of the cooling device always has the maximum required

electrical power available.

The third method according to the invention for operating a cooling device according to the
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invention comprises the following method steps:
a) input of the operating voltage/nominal voltage into the memory;
b) first voltage measurement of the supply voltage applied to the cooling device by

the first sensor;

C) storing the value of the first voltage measurement in the memory of the control
system;
d) comparing the operating voltage/nominal voltage to the value of the first voltage

measurement in the control system: if the value of the first voltage measurement is less
than the operating voltage/nominal voltage proceed to method step b), otherwise proceed
to method step e);

e) connecting the at least one further electricity consuming device to the at least one
regenerative power source;

f) second voltage measurement of the supply voltage applied to the cooling device
by the first sensor after the at least one further electricity consuming device has been
connected to the at least one regenerative power source;

g) comparing the operating voltage/nominal voltage to the value of the second voltage
measurement in the control system: if the value of the second voltage measurement is
greater than or equal to the operating voltage/nominal voltage procced to method step f),
otherwise proceed to method step h);

h) disconnecting the at least one further electricity consuming device from the at least
one regenerative power source, when the operating voltage/nominal voltage is greater than
the value of the second voltage measurement;

i) periodic repetition of method steps b) to h).

The method is based on the realization that the electrical supply voltage with which the
electrically operated cooling circuit of the cooling device is supplied decreases as soon as
the at least one further electricity consuming device is switched on and the electrical power
produced by the at least one regenerative power source is not sufficient to supply both the
electrically operated cooling circuit and the at least one further electric consumer with

sufficient electricity.



10

15

20

25

DK/EP 3224552 T3

12

In this method according to the invention, a first voltage measurement first measures how
high the supply voltage is before the at least one further electricity consuming device is
switched on. If the measured value of the supply voltage from the first voltage measurement
is less than the operating voltage/nominal voltage of the electrically operated cooling circuit
of the cooling device, the electrical power produced by the at least one regenerative power

source is not sufficient to also supply the at least one further electricity consuming device.

If the measured value of the first voltage measurement is equal to or greater than the
operating voltage/nominal voltage, the at least one further electricity consuming device can
be switched on. If in a subsequent second voltage measurement of the supply voltage it is
found that the value of the second voltage measurement does not drop or decrease
compared to the operating voltage/nominal voltage, the electrical power produced by the at
least one regenerative power source is sufficient to supply both the electrically operated
cooling circuit of the cooling device and the at least one further electricity consuming device.
On the other hand, if the supply voltage drops or decreases, the at least one further
electricity consuming device is disconnected from the at least one regenerative power
source to ensure the preferential power supply for the electrically operated cooling circuit of

the cooling device.

The above-described effect of the drop/decrease of the supply voltage also occurs when
the power consumption of the cooling device increases. This may be the case, for example,
when the electrically operated cooling circuit starts to cool down the at least one closable
cooling space again, for example after placing new refrigerated goods therein, and at the
same time the electrical power produced by the at least one regenerative power source is
not sufficient to also provide a sufficient supply to the at least one further electricity

consuming device.

Since the method steps b) to i) are repeated periodically, i.e. regularly, on the one hand a
drop in the electrical supply voltage is detected as soon as on the one hand the power
consumption of the electrically operated cooling circuit increases or the electrical power

produced by the at least one regenerative power source decreases. Accordingly, on the one
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hand it is ensured that the electrically operated cooling circuit of the cooling device is reliably
supplied with sufficient electricity and, on the other hand, a maximum of excess electrical

power produced is made available for the at least one further electricity consuming device.

The invention is explained in more detail below with reference to three examples of the
cooling device illustrated in the figures. These show:

Fig. 1  a first embodiment of a cooling device;

Fig. 2 a second embodiment of a cooling device;

Fig. 3 a schematic arrangement of the components of a cooling device according to the
first or second embodiment;

Fig. 4 a schematic arrangement of the components of a cooling device according to a
third embodiment;

Fig. 5 adetailed view of the power distributor for a cooling device according to the first or
second embodiment;

Fig. 6 a front perspective view of a cooling device according to the first embodiment;
Fig. 7 arear perspective rear view of a cooling device according to the first embodiment;
Fig. 8 a detailed rear perspective rear view of the power distributor shown in Fig. 7;

Fig. 9 a flow chart with the method steps of the first method:;

Fig. 10 a flow chart with the method steps of the second method; and

Fig. 11 a flow chart with the method steps of the third method.

The first embodiment of the cooling device 1 according to the invention shown in Fig. 1 is
in the form of a freezer 2 and can be closed with a freezer lid 20. The cooling device 1 is
connected to the power distributor 5 by wiring 25 between the first power output 9 and its
cooling device connection 11. The power distributor 5 is in turn connected to a regenerative
power source 6 by wiring 25 from its power input 8. The regenerative power source 6 here
consists of four solar panels 15. In addition, the power distributor has a second power output
10 which has three electricity consuming device connections. A computer 18 and a
telephone 19 are connected as electricity consuming devices 7 to two of the three electricity
consuming device connections. In the first embodiment of the cooling device 1 the power

distributor 5 is arranged separately from the cooling device 1 and is only connected to it via



10

15

20

25

DK/EP 3224552 T3

14

the wiring connection 25.

In the second embodiment of the cooling device 1 according to the invention shown in Fig.
2, the cooling device is in the form of a freezer 2 in the inside of which there is the closable
cooling space 3. Eight cold storage packs 4 are arranged inside the freezer 2. The second
embodiment of the cooling device 1 differs from the first embodiment in that the power
distributor 5 is integrated in the cooling device 1. The wiring connection 25 runs from the at
least one regenerative power source 6 directly via the power input 8 to the power distributor
5. The illustrated embodiment of the at least one regenerative power source 6 in Fig. 2 also
comprises four solar panels 15. In the second embodiment of the cooling device 1 the
cooling device connection 11 of the first power output 9 that supplies the electrically
operated cooling circuit of the cooling device 1 with electric power is covered in the freezer
2 and thus cannot be seen in the illustration of Fig. 2. In the second embodiment three
electricity consuming device connections 12 of the power distributor 5 are arranged on the
freezer 2 such that they are easily accessible, so that the at least one electricity consuming

device 7 (not shown) can be connected to the power distributor 5.

In the schematic illustration shown in Fig. 3, the individual components of the cooling device
1 in the first and the second embodiment are arranged relative to each other and connected
via wiring connections 25. For the schematic illustration of the arrangement it is not relevant
whether the power distributor 5 is integrated in the cooling device 1 or is arranged outside
of the cooling device 1. As already shown in Fig. 1 and Fig. 2 the regenerative power source
6 is connected to the power distributor 5 at the power input 8 via a wiring connection 25.
In addition, the cooling device 1 is likewise connected with its electrically operated cooling
circuit to the power distributor 5 via the cooling device connection 11 of the first power output
9 via a wiring 25. Fig. 3 also shows how two of the at least one further electricity consuming
devices 7 are each connected to the power distributor 5 via a wiring 25 and the electricity
consuming device connections 12 of the second power output 10. The schematically shown
first sensor 13 arranged inside the power distributor 5 serves to determine the power

consumption of the electrically operated cooling circuit of the cooling device 1.
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The schematic illustration of a cooling device 1 of a third embodiment of the cooling device
1 shown in Fig. 4 differs from the first and second embodiment of the cooling device 1 in
that the power distributor 5 has a second sensor 14 which measures the density of the
available energy acting on the at least one regenerative power source. In the third
exemplary embodiment shown, the power distributor 5 can also be integrated in the cooling
device 1 or arranged outside the cooling device 1. However, the second sensor is arranged
outside of the cooling device 1, close to the at least one regenerative power source 6. The
embodiment shown in Fig. 6 also has two regenerative power sources 6 which are
connected to the power distributor. The arrangement of the further components in Fig. 4

corresponds to the schematic arrangement shown in Fig. 3.

The power distributor 5 of the first embodiment of the cooling device 1 shown in Fig. 5 is
arranged outside the cooling device 1. The power distributor 5 has a power input 8, a first
power output 9 with a cooling device connection 11 and a second power output 10 having
three electricity consuming device connections 12. The first sensor for determining the
power consumption of the electrically operated cooling circuit of the cooling device 1 is

installed inside the power distributor 5 (not visible).

The cooling device 1 according to the first embodiment of the invention shown in Fig. 6 has
a power distributor 5 that is attached to a side of the cooling device 1. The cooling device 1
is in the form of a freezer 2. This is closed by a freezer lid 20. The connection between the
cooling device 1 and the power distributor 5 corresponds to the embodiment shown in Fig.
3, but the at least one regenerative power source 6 is not shown. Alamp 17 is shown at the
second power output 10 as the at least one further electricity consuming device 7 . In
addition, the power distributor 5 has a storage surface 21 and four further electricity

consuming device connections 12 at the second power output 10.

In the cooling device 1 shown Fig. 7, the power distributor 5 is fastened to the rear of the
freezer 2 with the aid of a rail 22. The rail 22 projects laterally beyond the freezer 2, so that
the power distributor 5 can be arranged laterally on the cooling device 1. The power input 8

and the first power output 9 are arranged on the rear of the power distributor 5. The first
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power output 9 is connected to the cooling device connection 11 via a wiring 25 on the rear

of the freezer 2.

The power input 8, the first power output 9 of the power distributor 5 and the cooling device

connection 11 shown in Fig. 8 are provided as a plug connection.

Fig. 9 shows a flow chart of the sequence of the first method for operating a cooling device
1. The first method is suitable for operating a cooling device 1 according to the first or
second embodiment. First, a first determination P1 of the power consumption of the
electrically operated cooling circuit is made. The value of the first determination P4 is stored
in the memory 24 of the control system of the power distributor 5. The at least one further
electricity consuming device 7 is then connected to the at least one regenerative power
source 6. This is followed by a second determination P2 of the power consumption of the
electrically operated cooling circuit. A comparison between the measured value of the first
determination P and the measured value of the second determination Pz is carried out in
the computing unit 23 of the power distributor 5. If the measured value of the second
determination P2 is below the measured value of the first determination P+ , this means that
the at least one regenerative power source 6 cannot provide sufficient electrical power to
sufficiently supply both the electrically operated cooling circuit of the cooling device 1 and
the at least one further electricity consuming device 7 with sufficient power. Accordingly, the
control system disconnects the at least one further electricity consuming device 7 from the
regenerative power source 6 to ensure the supply of the electrically operated cooling circuit.
If, on the other hand, the measured value of the first determination P¢ is equal to the
measured value of the second determination P , this means that the regenerative power
source 6 provides sufficient electrical power to supply both the electrically operated cooling
circuit of the cooling device 1 and the at least one further electricity consuming device 7
with power. Accordingly, the connection between the at least one regenerative power source
6 and the at least one further electricity consuming device 7 is not disconnected. After the
comparison between the measured value of the first determination Py and the measured
value of the second determination P» the method steps are repeated by a new determination

of the measured value of the first determination P;.
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Fig. 10 shows a flow chart of the method steps of the second method for operating a cooling
device 1. The second method for operating a cooling device 1 is suitable for operating a
cooling device 1 according to the third embodiment. In the procedure, the maximum power
consumption Pmax1y Of the electrically operated cooling circuit of the cooling device 1 and
the maximum power consumption Pnar Of the at least one further electricity consuming
device are stored in the memory 24 of the control system of the power distributor 5. In
addition, the performance characteristics Pmaxs) 0f the regenerative power source 6 are also
entered and stored in the memory 24 of the control system. The density of the available
energy Q is then determined by the second sensor 14. On the basis of the stored
performance characteristics Pmaxe) Of the at least one regenerative power source and the
density of the available energy Q, the available power P,y of the at least one regenerative

power source 5 can be calculated in the computing unit 23 of the control system.

The available electrical power P4 of the at least one regenerative power source 6 is then
compared to the sum of the maximum power consumption Pnax1) required for the operation
of the electrically operated cooling circuit of the cooling device and the maximum power
consumption Pmaxz) Of the at least one further electricity consuming device 7. If the result of
the comparison is that the available power P4 of the at least one regenerative power source
6 is greater than or equal to the sum of the maximum power consumption Puaxy of the
electrically operated cooling circuit and the maximum power consumption Pmaxz) of the at
least one further electricity consuming device 7, the one further electricity consuming device
7 is connected to the at least one regenerative power source 6. Otherwise, if the available
electrical power Pa of the regenerative power source is too low, the at least one further
electricity consuming device 7 is disconnected from the at least one regenerative power
source 6 or not connected to it. After the method steps have been carried out, the density

of the available energy Q is determined again and the method is carried out again.

Fig. 11 shows a flow chart of the method steps of the third method for operating a cooling
device 1. The third method is suitable for operating a cooling device 1 according to the first
or second embodiment. In the procedure, the operating voltage/nominal voltage Uy, of the

electrically operated cooling circuit of the cooling device 1 is stored in the control system of
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the power distributor 5. This is followed by a first voltage measurement Uy of the supply
voltage. The value of the first voltage measurement Uy is stored in the memory 24 of the

control system of the power distributor 5.

Subsequently, as shown in Fig. 11, the measured value of the first voltage measurement U
is compared to the operating voltage/nominal voltage Uy in the control system. If it turns
out that the measured value of the first voltage measurement Uy is less than the operating
voltage/nominal voltage U, a first voltage measurement Uy is again carried out. If, on the
other hand, the measured value of the first voltage measurement U is greater than or equal
to the operating voltage/nominal voltage U, the at least one further electricity consuming
device 7 is connected to the at least one regenerative power source 6. Then the supply
voltage is measured in a second voltage measurement Uz and compared in the control
system to the operating voltage/nominal voltage Uq. If the result is that the measured value
of the second voltage measurement U, is greater than or equal to the operating
voltage/nominal voltage U, a second voltage measurement U, of the supply voltage is
carried out again and a new comparison is made between the measured value of the second
voltage measurement Uz and the operating voltage/nominal voltage Uqp. If the measured
value of the second voltage measurement U is less than the operating voltage/nominal
voltage Uqp, the at least one further electricity consuming device 7 is disconnected from the
at least one regenerative power source 6. After the at least one further electricity consuming
device 7 has been disconnected from the at least one regenerative power source 6, a new
first voltage measurement U, of the supply voltage is carried out. Method steps b) to h) are

regularly repeated.
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List of Reference Numbers
cooling device
freezer
closable cooling space
cold storage pack
power distributor
regenerative power source
electricity consuming device
power input
first power output
second power output
cooling device connection
electricity consuming device connection
first sensor
second sensor
solar collector
wind-driven generator
lamp
computer
telephone
freezer lid
storage surface
fastening device
computing unit
memory
wiring connection
first determination

second determination
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maximum power consumption of the electrically operated cooling circuit

maximum power consumption of the at least one further electricity consuming
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performance characteristics of the at least one regenerative power source
available power of the at least one regenerative power source

density of the available energy

operating voltage/nominal voltage

first voltage measurement

second voltage measurement
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Patentkrav

1. Kgleapparat (1), isaer dybfryser (2), med mindst et lukbart kglerum (3), et
elektrisk drevet kglekredslgb og fortrinsvis et kuldelager (4), idet det mindst ene
lukbare kglerum (3) og kuldelageret (4) kan kgles af det elektrisk drevne
kalekredslgb,
kgleapparatet (1) har en stramfordeler (5) til fordeling af elektrisk effekt
fra mindst en regenerativ stramkilde (6) til kgleapparatets (1) elektrisk
drevne kglekredslgb og til mindst en anden streamforbruger (7), og
stramfordeleren (5) har mindst en effektindgang (8), en fgrste
effektudgang (9) og mindst en anden effektudgang (10), idet den mindst
ene effektindgang (8) kan forbindes med den mindst ene regenerative
stramkilde (6), og den fgrste effektudgang (9) er udformet som
kgleapparattilslutning (11) til tilslutning af kgleapparatets (1) elektrisk
drevne kglekredslgb, og den mindst ene anden effektudgang (10) er
udformet som forbrugertilslutning (12) til tilslutning af den mindst ene
anden strgmforbruger (7),
idet
en yderligere akkumulator til pufring af spidsbelastninger er ladet ude af
betragtning uden at forringe kgleapparatets sikkerhed for forsyning med
tilstraekkelig elektrisk effekt;
kendetegnet ved, at
stramfordeleren (5) har en regulering med en regneenhed (23), et lager
(24) og en prioritetslogik, idet prioritetslogikken ved mangel pa elektrisk
effekt fra den mindst ene regenerative strgmkilde (6) fortrinsvis forsyner
kgleapparatets (1) elektrisk drevne kglekredslgb med strgm; og
stramfordeleren (5) adskiller den mindst ene anden strgmforbruger (7) fra
den mindst ene regenerative stremkilde (6), s snart den producerede
elektriske effekt fra den mindst ene regenerative strgmkilde (6)
underskrider kgleapparatets (1) og den mindst ene anden strgmforbrugers
(7) effektforbrug.

2. Kgleapparat (1) ifglge krav 1,
kendetegnet ved, at
den mindst ene regenerative stramkilde (6) er udformet som solcellepanel (15)
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eller som vinddreven generator (16).

3. Kgleapparat (1) ifglge krav 1 eller 2,

kendetegnet ved, at

stramfordeleren (5) har mindst en fgrste sensor (13) til bestemmelse af et
effektforbrug for kgleapparatets (1) elektrisk drevne kglekredslgb.

4. Kgleapparat (1) ifglge et af de foregdende krav,

kendetegnet ved, at

stramfordeleren (5) har mindst en anden sensor (14) til bestemmelse af en
teethed af tilgaengelig energi.

5. Kgleapparat (1) ifglge et af de foregdende krav,

kendetegnet ved, at

stramfordeleren (5) forbinder den mindst ene anden stremforbruger (7) med den
mindst ene regenerative strgmkilde (6), s3 snart den mindst ene regenerative
stramkildes (6) producerede elektriske effekt overskrider kgleapparatets (1) og
den mindst ene anden stramforbrugers (7) elektrisk drevne kglekredslgbs
effektforbrug.

6. Kgleapparat (1) ifglge krav 5,

kendetegnet ved, at

stramfordeleren (5) ved et antal andre streamforbrugere (7) gennemfgrer
adskillelsen fra eller forbindelsen med den mindst ene regenerative strgmkilde (6)
afhaengigt af den pagaeldende anden stramforbrugers (7) effektforbrug.

7. Kaleapparat (1) ifglge et af de foregdende krav,

kendetegnet ved, at

stramfordeleren (5) forsyner den mindst en anden stramforbruger (7) med strgm,
nar kaleapparatets (1) elektrisk drevne kglekredslgb ikke forbruger nogen
elektrisk effekt.

8. Kgleapparat (1) ifglge et af de foregdende krav,
kendetegnet ved, at
forbrugertilslutningen (12) er udformet som ladeapparat til en batteridreven
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forbruger, isaer en lampe (18) og/eller en computer (18) og/eller en telefon (19),
eller et batteri i sig selv.

9. Kgleapparat (1) ifglge et af de foregdende krav,

kendetegnet ved, at kgleapparatet (1) er tilpasset til kgling af medicinske
produkter, som for eksempel vaccine, blodpraeparater eller enhver anden type
blodprodukter.

10. Kgleapparat (1) ifslge et af de foregdende krav,

kendetegnet ved, at stramfordeleren (5) har en enkelt effektindgang (8), og
den ene effektindgang (8) kan forbindes med den mindst ene regenerative
stramkilde (6).

11. Fremgangsmade til at drive et kgleapparat (1) ifglge krav 3 eller ifglge et af
kravene 4 til 10, for s8 vidt disse er afhaengige af krav 3, med falgende
fremgangsmadetrin:
a) farste bestemmelse (P:) af kgleapparatets (1) elektrisk drevne
kglekredslgbs effektforbrug ved hjeelp af den fgrste sensor (13) fgr
forbindelsen af den mindst ene anden strgmforbruger (7) med den mindst
ene regenerative strgmkilde (6);
b) lagring af den fgrste bestemmelse (P:) i reguleringens lager (24);
¢) forbindelse af den mindst ene anden stremforbruger (7) med den mindst
ene regenerative strgmkilde (6);
d) anden bestemmelse (P2) af kgleapparatets (1) elektrisk drevne
kglekredslgbs effektforbrug ved hjeelp af den fgrste sensor (13) efter
forbindelsen af den mindst ene anden strgmforbruger (7) med den mindst
ene regenerative strgmkilde (6);
e) sammenligning af den fgrste bestemmelse (P1) med den anden
bestemmelse (P2) i regneenheden;
f) adskillelse af den mindst ene anden stromforbruger (7) fra den mindst
ene regenerative strgmkilde (6), nar den anden bestemmelses (P2)
effektforbrug ligger under den fgrste bestemmelses (P:1) effektforbrug;
g) periodisk gentagelse af fremgangsmadetrinnene a) til f).
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12. Fremgangsmade til at drive et kgleapparat (1) ifglge krav 4 eller ifglge et af
kravene 5 til 10, for s8 vidt disse er afhaengige af krav 4, med falgende
fremgangsmadetrin:
a) indleesning af kgleapparatets (1) elektrisk drevne kglekredslgbs
maksimale effektforbrug (Pmax(1)), indlaesning af den regenerative
strgmkildes (6) effektparametre (Pmaxs)) 0g indlaesning af den mindst ene
anden strgmforbrugers (7) maksimale effektforbrug (Pmax()) i reguleringens
lager (24);
b) bestemmelse af den tilgaengelige energis (Q) teethed ved hjalp af den
anden sensor (14);
c) beregning af den regenerative strgmkildes (6) til radighed stdende effekt
(Pist) i reguleringens regneenhed (23) ud fra den regenerative stromkildes
(6) effektparametre (Pmax(s)) 0g den tilgaengelige energis (Q) teethed;
d) forbindelse af den mindst ene anden strgmforbruger (7) med den mindst
ene regenerative strgmkilde (6), hvis den regenerative strgmkildes (6) til
radighed stdende effekt (Pist) er stgrre end eller lig med summen af
kgleapparatets (1) elektrisk drevne kglekredslgbs maksimale effektforbrug
des og den mindst ene anden strgmforbrugers (7) maksimale
effektforbrug,
e) adskillelse af den mindst ene anden stremforbruger (7) fra den mindst
ene regenerative strgmkilde (6), hvis den regenerative strgmkildes (6) til
radighed stdende effekt (Pist) er mindre end summen af kgleapparatets (1)
elektrisk drevne kglekredslgbs maksimale effektforbrug og den mindst ene
anden strgmforbrugers (7) maksimale effektforbrug;
f) periodisk gentagelse af fremgangsmadetrinnene b) til e).

13. Fremgangsmade til at drive et kgleapparat (1) ifglge krav 3 eller ifglge et af
kravene 4 til 10, for s8 vidt disse er afhaengige af krav 3, med falgende
fremgangsmadetrin:
a) indleesning af driftsspaendingen/den tilsigtede spaending (Ust..) i lageret
(24);
b) farste spaendingsmaling (U:) af den pa kgleapparatet (1) liggende
forsyningsspaending ved hjzelp af den fgrste sensor (13);
c) lagring af vaerdien for den fgrste speendingsmadling (U:) i reguleringens
lager (24);
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d) sammenligning af driftsspandingen/den tilsigtede spaending (Ust.) med
veerdien for den fgrste spaendingsmaling (U1) i reguleringen: hvis veerdien
for den fgrste spaendingsmaling (U1) er mindre end driftsspaendingen/den
tilsigtede spaending (Ust.), fortsaettes med fremgangsmadetrin b), ellers
fortsaettes med fremgangsmadetrin e);

e) forbindelse af den mindst ene anden stremforbruger (7) med den mindst
ene regenerative strgmkilde (6);

f) anden spaendingsmaling (U2) af den pa kgleapparatet (1) liggende
forsyningsspaending ved hjeelp af den fgrste sensor (13) efter forbindelsen
af den mindst ene anden strgmforbruger (7) med den mindst ene
regenerative strgmkilde (6);

g) sammenligning af driftsspandingen/den tilsigtede spaending (Ust.) med
veerdien for den anden spaendingsmadling (U2) i reguleringen: hvis vaerdien
for den anden spaendingsmaling (Uz) er stgrre end eller lig med
driftsspaendingen/den tilsigtede spzending (Ust.), fortseettes med
fremgangsmadetrin f), ellers fortsaettes med fremgangsmadetrin h);

h) adskillelse af den mindst ene anden stremforbruger (7) fra den mindst
ene regenerative strgmkilde (6), nar driftsspeendingen/den tilsigtede
spaending (Ust.) er stgrre end vaerdien for den anden spaendingsmaling
(U2);

i) periodisk gentagelse af fremgangsmadetrinnene b) til h).
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