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(54) SYSTEM AND METHOD FOR TEMPERATURE-CONTROLLED STORAGE AND/OR 
TRANSPORT OF A PRODUCT

(57) The present invention relates to a system for
temperature-controlled storage and/or transport of a
product, comprising:
- a plurality of thermally-insulated product containers,
each comprising a thermally insulated product receiving
chamber, which is at least partly lined with a heat-con-
ductive plate, wherein part of the heat-conductive plate
is exposed to an outside of the product container;
- at least one storage rack for supporting the product
containers,
comprising a hollow frame formed by a plurality of hollow
tube elements of heat-conductive material, which are
connected to each other to define a fluid flow path be-
tween a fluid inlet and a fluid outlet of the hollow frame,
wherein the frame provides a support for the product con-
tainers and a structure giving shape and strength to the
rack; and
- a temperature-regulating device, configured to cool or
heat a heat-transfer fluid, wherein the device comprises
a device inlet for the heat-transfer fluid and a device outlet
for cooled or heated heat-transfer fluid and wherein the
device outlet is fluidly connectable to the fluid inlet of the
hollow frame and wherein the device inlet is fluidly con-
nectable to the fluid outlet of the hollow frame,
wherein the part of the heat-conductive plate that is ex-
posed to an outside of the product container can be
brought in direct heat-conductive contact with the support
for the product containers when the product container is
placed on the support.

The invention further relates to a method for temper-
ature-controlled storage and/or transport of a product us-
ing such system.
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Description

Field of the invention

[0001] The present invention relates to a system for
temperature-controlled storage and/or transport of a
product, for example of a perishable food product or a
medicament that has to be kept at ambient or low tem-
perature or in a frozen condition. The present invention
further relates to a method for temperature-controlled
storage and/or transport of a product.

Background of the invention

[0002] At present, it has become a trend to deliver food
products or medicaments at the homes of consumers,
instead of requiring consumers to pick up the products
at a retail location such as a shop or pharmacy. For prod-
ucts that have to be delivered in ambient, cooled or frozen
condition, small-scale distribution or last mile delivery
from a central warehouse or a store to the customer, is
often done in thermally-insulated containers that contain
ice packs, ice blocks, or dry ice to control the temperature
of the products in the containers.
[0003] The use of separate items for passive cooling,
such as ice packs, ice blocks, or dry ice, however, has
many disadvantages. It requires additional handling and
equipment for freezing the items, and additional handling
for putting the items in the containers and recollecting
them. The items add substantial weight to the product
containers to be delivered, reduce the effective product
storage volume in the product container, and may cause
freeze- or mechanical damage to the products in the con-
tainer.
[0004] Alternatively, products can be transported in a
temperature-controlled cargo space of a vehicle. Such
temperature-control is, however, relatively energy con-
suming and expensive since the entire cargo space that
has to be kept at a certain temperature. Moreover, such
temperature-control is inefficient for delivery to individual
customers, in particular in an urban environment, since
such delivery requires the cargo space doors to be
opened many times.
[0005] In FR 2 689 222 A1 is disclosed a system for
controlling the temperature of products during transport.
The system comprises a large, mobile, thermally-insu-
lated container that can contain several trays with food
products. The container comprises a reservoir with fluid
coolant. At a stationary charging station, the fluid coolant
in the container is actively cooled by engaging the ther-
mally-insulated container to a stationary cooling device.
The mobile container is then detached from the cooling
device. During transport, the fluid coolant passively cools
the container content by diffusing its ’cold’ into the con-
tainer, so that the products in the container can be kept
at a low temperature for several hours.
[0006] The system of FR 2 689 222 A1 does not provide
active cooling of the container content during transport.

The time during which products can be kept cool is thus
limited. Furthermore, the system of FR 2 689 222 A1
requires engagement of each container to a stationary
cooling device with an evaporator. This makes the sys-
tem relatively complex and expensive and unsuitable for
delivery of a relatively small number of products to sev-
eral customers, as is typically the case in urban delivery
to consumers.
[0007] In EP 0 413 729 B1 to disclosed a portable ther-
moelectrically-operated heating and cooling unit to which
a detachable food appliance can be connected to cool
or warm food therein. The detachable food appliance
may for example be a food storage container, a bottle
heating and cooling assembly, or an ice cube maker. The
portable thermoelectrically-operated heating and cooling
unit of EP 0 413 729 B1 is suitable for cooling or heating
with an electric source from either a vehicle battery
through the cigarette lighter or from any outlet alternating
current source within a household. The assembly of port-
able thermoelectrically-operated heating and cooling unit
and detachable food appliance provides direct thermoe-
lectrically cooling or heating, for example by means of a
Peltier elements, of a single household appliance. Such
assembly is not suitable for temperature-controlled trans-
port of perishable products in several product containers,
such as is required for small-scale distribution to retailers
or for last mile delivery of food products or medicaments
to consumers.
[0008] There is a need for a system for temperature-
controlled storage and/or transport of products that over-
comes above-mentioned problems and drawbacks.

Summary of the invention

[0009] The inventors have found a novel system for
temperature-controlled storage and/or transport of a
product comprising at least one storage rack comprising
a hollow frame formed by a plurality of hollow tube ele-
ments of a heat-conductive material, such as e.g. a metal,
that define a fluid flow path for a heat-transfer fluid. The
fluid flow path in the hollow frame has an inlet and an
outlet that are connectable to the outlet and inlet, respec-
tively, of a temperature-regulating device so that cooled
or heated heat-transfer fluid from the temperature-regu-
lating device can circulate through the hollow frame of
the storage rack. The system also comprises a plurality
of thermally-insulated product containers, each compris-
ing a product receiving chamber for the product(s) to be
stored or transported under temperature-controlled con-
ditions, wherein the product receiving chamber is at least
partly lined with a heat-conductive plate, which plate is
in direct heat-conductive contact with the hollow frame
of the storage rack through which the heat-transfer fluid
circulates when the product container is placed on the
rack for storage or transport. The hollow frame of the
storage rack serves several purposes. It provides both a
support for the product containers and a structure giving
shape and strength to the support rack, and it transfers
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heat or cold to the product containers via the heat-transfer
fluid flowing through it to control the temperature in the
product containers supported on it.
[0010] Accordingly, the present invention provides in
a first aspect a system for temperature-controlled storage
and/or transport of a product, comprising:

- a plurality of thermally-insulated product containers,
each comprising a thermally insulated product re-
ceiving chamber, which is at least partly lined with a
heat-conductive plate, wherein part of the heat-con-
ductive plate is exposed to an outside of the product
container;

- at least one storage rack for supporting the product
containers,
comprising a hollow frame formed by a plurality of
hollow tube elements of heat-conductive material,
which are connected to each other to define a fluid
flow path between a fluid inlet and a fluid outlet of
the hollow frame, wherein the frame provides a sup-
port for the product containers and a structure giving
shape and strength to the rack; and

- a temperature-regulating device, configured to cool
or heat a heat-transfer fluid, wherein the device com-
prises a device inlet for the heat-transfer fluid and a
device outlet for cooled or heated heat-transfer fluid
and wherein the device outlet is fluidly connectable
to the fluid inlet of the hollow frame and wherein the
device inlet is fluidly connectable to the fluid outlet
of the hollow frame,

wherein the part of the heat-conductive plate that is ex-
posed to an outside of the product container can be
brought in direct heat-conductive contact with the support
for the product containers when the product container is
placed on the support.
[0011] The temperature-controlled storage and/or
transport system according to the invention advanta-
geously provides a system that can be used without sep-
arate items for passive cooling or heating, such as ice
packs, ice blocks, or dry ice, in the product containers.
[0012] The system according to the invention is partic-
ularly suitable for temperature-controlled transport of
products in a vehicle with a cargo space, such as for
example a cargo van or a delivery truck, as typically used
for urban delivery of products to consumers. The storage
rack is relatively light-weight since it has a frame formed
by hollow tube elements and is particularly suitable to be
provided with wheels to be wheeled in and out the cargo
space of such vehicle. The system is such that the tem-
perature-regulating device can be located at a certain
distance of the storage rack, preferably outside the space
wherein the storage rack carrying product containers is
located, such as the cargo space of a vehicle, so that
any heat or cold generated by the temperature-regulating
device is not released in the same space as the products
to be kept at a controlled temperature are present. Thus,
energy consumption is minimized.

[0013] The present invention provides a benefit over
existing storage and transportation systems in that the
containers themselves are relatively simple. Except for
the heat-conductive plate lining the product receiving
chamber, the product containers do not need to comprise
or contain any other means for passive or active cooling
(or heating), since the hollow frame of the storage rack
serve the purpose of transferring cold or heat to the con-
tainers. Thus, the containers can be relatively light and
its volume can be used more efficiently for storing and/or
transporting products.
[0014] In a second aspect, the invention provides a
method for temperature-controlled storage and/or trans-
port of a product, using a system as disclosed herein,
the method comprising the steps of:

a) placing the product in the product receiving cham-
ber of the thermally-insulated product container;
b) placing the product container with product on the
support of the storage rack such that at least part of
the heat-conductive plate exposed to an outside of
the product container is in direct heat-conductive
contact with the support;
c) fluidly connecting the device outlet to the fluid inlet
of the hollow frame and the device inlet to the fluid
outlet of the hollow frame; and
d) circulating cooled or heated heat-transfer fluid
from the temperature-regulating device through the
fluid flow path in the hollow frame of the storage rack
back to the temperature-regulating device.

[0015] The method is user-friendly, requiring relatively
little handling. The method only requires placing the prod-
uct containers filled with product on the storage rack and
fluidly connecting the storage rack to the temperature-
regulating device to effect circulation of heat-transfer fluid
with a set temperature through the hollow frame of the
storage rack. Thus, all containers placed on the hollow
frame of the rack are temperature-controlled.

Detailed description of the invention

[0016] The system for temperature-controlled storage
and/or transport of a product according to the invention
comprises a plurality of thermally-insulated product con-
tainers, at least one support rack for supporting the prod-
uct containers, and a temperature-regulating device.
[0017] Each of the product containers comprises a
thermally-insulated product receiving chamber. The
product receiving chamber is at least partly lined with a
heat-conductive plate. Part of the heat-conductive plate
is exposed to an outside of the product container, so that
it can be brought in direct heat-conductive contact with
the support provided by the hollow frame of the storage
rack when the product container is placed on the support.
[0018] Preferably, each of the product containers is the
same in size, shape, construction and materials used.
The product container may have any suitable shape,
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preferably the container is in the shape of a rectangular
or square box. Preferably, the container has side walls,
more preferably four side walls placed at right angles
relative to each other. The side walls preferably comprise
or consist of thermally-insulating material. The product
container may comprise a lid, preferably a top lid, for
opening the container to place any products into the prod-
uct receiving chamber or to remove any products from
it. The lid is preferably made of thermally-insulated ma-
terial. Any suitable thermally-insulating material may be
used for the side walls and/or the lid, for example ex-
panded polystyrene (often referred to as polystyrene
foam) or polyurethane foam. Expanded polystyrene is a
particularly preferred thermally-insulating material, since
it combines good thermal insulation properties with a rel-
atively low weight.
[0019] Preferably, the container has a bottom wall that
is at least partly formed by the heat-conductive plate that
at least partly lines the product receiving chamber. The
container bottom wall may comprise thermally-insulating
material. If the container bottom wall comprises thermal-
ly-insulating material, such material preferably contains
an opening for exposing part of the heat-conductive plate
to the outside at the lower end of the container so that it
can be brought in heat-conductive contact with the sup-
port of the storage rack when the container is placed on
the support.
[0020] The heat-conductive plate preferably at least
lines the bottom surface of the product receiving cham-
ber, more preferably the bottom and part of any side sur-
faces of the product receiving chamber. The plate may
for example be in the form of a bottom plate lining the
bottom surface of the product receiving chamber, an U-
shaped plate lining the bottom surface and at least part
of two side surfaces, or a double U-shaped plate lining
the bottom surface and at least part of four side surfaces
of the product receiving chamber. Preferably, the heat-
conductive plate is exposed to an outside of the product
container at the lower end of the container. The heat-
conductive plate preferably is composed of a single sheet
that may be bent in an U-shape or double U-shape if
lining both the bottom surface and part of a side surface
of the product receiving chamber. Alternatively, the heat-
conductive plate may be composed of multiple sheets
that are heat-conductively connected to each other, for
example by a welded or brazed joint. The heat-conduc-
tive plate may comprise one or more additional surfaces
that project into the product receiving chamber to in-
crease the surface area of the heat-conductive plate in-
side the product receiving chamber to increase heat ex-
change capacity. The additional surface may for example
form a vertical separation wall in the product receiving
chamber.
[0021] The heat-conductive plate preferably is a metal
plate, more preferably a plate made of an aluminium al-
loy. Aluminium alloy in particular offers a suitable balance
between a relatively large thermal conductivity and a rel-
atively low weight.

[0022] The heat-conductive plate may have any suit-
able thickness, preferably a thickness in the range be-
tween 1 mm and 5 mm, more preferably of from 1.5 to 4
mm.
[0023] Preferably, the product container is composed
of four side walls of thermally-insulating material con-
nected to each other at square angles and a metal heat-
conductive plate insert, preferably an U-shaped or double
U-shaped metal plate insert that tightly fits within the four
side walls. By sliding the metal plate insert into the four
side walls, a product container is formed with a product
receiving chamber that is lined at its bottom end and at
part of its side walls with the metal plate. The top end of
the container may be opened and closed with a top lid,
preferably a top lid of the same thermally-insulated ma-
terial as the side walls. In order to prevent the metal insert
from sliding out of the four side walls via an open lower
end of the container, the side walls may comprise an
inwardly protruding ridge for supporting the metal insert.
The shape of the U-shaped or double U-shaped metal
plate insert may be adapted to engage with the inwardly
protruding ridge. Such an inwardly protruding ridge is
preferably located at two opposing side walls or at all four
side walls of the product container.
[0024] The system comprises at least one storage rack
for supporting the product containers. The storage rack
comprises a hollow frame formed by a plurality of hollow
tube elements of heat-conductive material. The tube el-
ements are interconnected to define a fluid flow path for
a heat-transfer fluid between a fluid inlet and a fluid outlet
of the hollow frame. The hollow frame provides a support
for the product containers and provides shape and
strength to the rack. During normal operation of the sys-
tem, cooled or heated heat-transfer fluid from the tem-
perature-regulating device flows through the fluid flow
path defined by the hollow frame of the storage rack for
temperature control of product in any product container
placed on the support provided by the hollow frame and
in heat-conductive contact with the support via the heat-
conductive plate exposed to an outside of the container.
[0025] The tube elements are made of heat-conductive
material, preferably of metal, more preferably of an alu-
minium alloy. The tube elements may for example be
aluminium alloy extrusion profiles. The hollow frame is
formed by connecting the plurality of tube elements to
each other, for example by welding.
[0026] The tube elements may have any suitable
shape. Preferably, the tube elements are square or rec-
tangular tube elements in order to maximise the surface
area of heat-conductive contact between the support and
the heat-conductive plate exposed to the outside of any
product containers placed on the support.
[0027] The hollow frame of the storage rack is prefer-
ably configured to support in the range of from 4 to 50
product containers, more preferably of from 8 to 40 prod-
uct containers, even more preferably of from 16 to 30
product containers, in such a way that each container
can be brought in direct heat-conductive contact with the
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support provided by the hollow frame. The hollow frame
may support the multiple product containers in a row, i.e.
next to each other, and/or above each other, preferably
in several rows above each other. The hollow frame may
for example be configured to support 20 product contain-
ers in four rows above each other, wherein five product
containers are supported in each row.
[0028] Preferably, the hollow frame of the storage rack
is configured such that it can support product containers
with no or only a small gap between adjacent product
containers. Thus, loss of cold or heat is avoided and the
energy needed for temperature-control of the products
in the containers is minimized and thermal insulation of
the product receiving chambers is improved. If the hollow
frame can support containers in several support rows
above each other, the hollow frame is preferably config-
ured such that the distance between the top end of a
product container in a support row and the part of the
hollow frame providing the above support row is mini-
mized for the same reason.
[0029] The fluid flow path defined by the hollow frame
is configured such that under normal operation of the
system, heat-transfer fluid flows through the entire fluid
flow path. Not all of the heat-transfer fluid supplied via
the fluid inlet may flow through the entire fluid flow path
(in other words: heat-transfer fluid may have different tra-
jectories through the fluid flow path), but the fluid flow
path is configured such that the hydraulic resistance of
any possible trajectory of heat-transfer fluid is substan-
tially equal so that there is an equal flow of heat-transfer
fluid at any point in the fluid flow path and the heat-con-
ductive capacity of the frame via the heat-transfer fluid
flowing though the frame is the same at any location of
the frame. It will be appreciated that the length, diameter,
and shape of the fluid flow part and the positions of the
fluid inlet and the fluid outlet will affect the hydraulic re-
sistance. It is within the skills of the skilled person to con-
figurate a fluid flow path with such substantially equal
hydraulic resistance of any possible trajectory of heat-
transfer fluid.
[0030] Preferably, the hollow frame defines one fluid
flow path between one fluid inlet and one fluid outlet of
the hollow frame.
[0031] The fluid inlet and the fluid outlet may be posi-
tioned at any suitable location of the hollow frame.
[0032] The storage rack preferably comprises thermal-
ly-insulating material configured such that the hollow
frame is partly embedded in the thermally-insulating ma-
terial. More preferably, the hollow frame is partly embed-
ded in thermally insulating material, in such a way that it
comprises container locations for supporting a product
container at which the heat-conductive material of the
tube elements is exposed (not embedded in thermally-
insulating material) for direct heat-conductive contact
with the part of the heat-conductive plate that is exposed
to an outside of the product container. In other words, at
such container locations a top surface of the support pro-
vided by the hollow frame is exposed and can be brought

in direct heat-conductive contact with the exposed heat-
conductive plate at the outside of the product container,
typically at its lower end, when the product container is
placed on the support at the contained location. The ther-
mally insulating material is configured to thermally insu-
late the hollow frame where it will not be in heat-conduc-
tive contact with the product container.
[0033] The part of the heat-conductive plate exposed
to an outside of the product container may have a surface
area that is larger than the surface area of the hollow
frame that is in direct heat-conductive contact with such
exposed part when the product container is placed on
the support. In order to prevent leakage of cold or heat,
the part of the exposed heat-conductive plate not in direct
contact with the hollow frame may be covered by ther-
mally-insulated material, for example by providing the
hollow frame with thermally-insulated material between
tube elements that support a product container.
[0034] The thermally-insulating material comprised in
the storage rack may be any suitable thermally-insulating
material, for example expanded polystyrene or poly-
urethane foam. Expanded polystyrene is a particularly
preferred thermally-insulating material, since it combines
good thermal insulation properties with a relatively low
weight.
[0035] Preferably, the storage rack is a mobile storage
rack, comprising one or more wheels. A mobile storage
rack is a benefit when the system is used in a vehicle,
since multiple product containers can be moved into the
vehicle simultaneously, by simply wheeling the storage
rack with product containers into a cargo space of the
vehicle.
[0036] The system comprises a temperature-regulat-
ing device, configured to cool or heat a heat-transfer fluid,
wherein the device comprises a device inlet for the heat-
transfer fluid and a device outlet for cooled or heated
heat-transfer fluid. The device outlet is fluidly connecta-
ble to the fluid inlet of the hollow frame and the device
inlet is fluidly connectable to the fluid outlet of the hollow
frame.
[0037] During use of the system, the respective inlets
and outlets are fluidly connected so that heat-transfer
fluid can circulate from the temperature-regulating device
through the fluid flow path defined by the hollow frame
of the storage rack and back to the temperature-regulat-
ing device. The fluid connection between the respective
inlets and outlets may for example be established by
means of a flexible conduit such as a hose. At the re-
spective inlets and outlets, quick connectors may be pro-
vided to minimize time required to establish the connec-
tions and to improve user-friendliness.
[0038] The temperature-regulating device may be con-
figured to supply the heat-transfer fluid at its device outlet
at a set temperature. It will be appreciated that the set
temperature is inter alia determined by the desired tem-
perature in the product container and the temperature of
the surroundings of the support rack supporting the prod-
uct container.
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[0039] The system may comprise a pump or other
means for circulating the heat-transfer fluid, preferably a
pump in the temperature-regulating device.
[0040] Any suitable heat-transfer fluid may be used.
Preferably, the heat-transfer fluid is a liquid. Suitable
heat-transfer fluids are known in the art and include al-
cohol-water mixtures or aqueous salt solutions (often re-
ferred to as brines). Examples of suitable alcohol-water
mixtures are mixtures of ethylene glycol, diethylene gly-
col and/or propylene glycol and water.
[0041] Temperature-regulating devices are well
known in the art. Any suitable temperature-regulating de-
vice may be used.
[0042] The temperature-regulating device preferably
is a cooling device. Such cooling device is configured to
supply cooled heat-transfer fluid at its device outlet. State
of the art cooling devices typically cool a heat-transfer
fluid by evaporating a so-called refrigerant.
[0043] The power needed to operate the temperature-
regulating device may be supplied by a battery or other
power source.
[0044] The temperature-regulating device may be lo-
cated at any suitable location. During operation of the
system, i.e. when heat-transfer fluid is circulated through
the hollow frame of the storage rack to control the tem-
perature of any products in the product receiving cham-
ber of any of the product containers, the temperature-
regulating device is preferably located at a distance from
the at least one storage rack or in a space other than the
space where the at least one storage rack is located.
Thus, undesired heating or cooling of the direct environ-
ment of the product containers and the storage rack by
heat or cold discharged from the temperature-regulating
device is avoided.
[0045] In one embodiment, the system is a system for
temperature-controlled transport of a product and com-
prises a vehicle comprising the temperature-regulating
device and a cargo space for containing the at least one
storage rack. The temperature-regulating is preferably
located outside the cargo space to prevent undesired
heating or cooling of the cargo space. Alternatively, the
temperature-regulating device may be located in the car-
go space, whilst discharging any heat or any cold pro-
duced by the temperature-regulating device outside the
cargo space. Preferably, the cargo space is large enough
to comprise at least two storage racks, more preferably
in the range of from 2 to 4 storage racks. The at least
one storage rack preferably is a mobile storage rack com-
prising one or more wheels, so that it can be wheeled
into the cargo space.
[0046] The vehicle may be any suitable vehicle for
transporting products, preferably a road vehicle such as
a cargo van or a delivery truck. The vehicle preferably is
an electrically-driven vehicle. Such electrically-driven ve-
hicle is particularly suitable for urban delivery to custom-
ers. Since the system according to the invention is ener-
gy-efficient, it is possible to use an electrically-driven ve-
hicle with acceptable battery charging frequency.

[0047] The product may be any product to be stored
or transported under temperature-controlled conditions.
Preferably, the product is a food product or a medica-
ment.
[0048] In a second aspect, the invention provides a
method for temperature-controlled storage and/or trans-
port of a product using the system according to the first
aspect of the invention.
[0049] The present method may have one or more of
the features and/or benefits disclosed herein in relation
to the system according to the first aspect of the invention.
[0050] In step a) of the method according to the inven-
tion, the product to be stored and/or transported is placed
in the product receiving chamber of the thermally-insu-
lated product container. More than one product may be
placed in the product receiving chamber of one product
container and product(s) may be placed in more than one
product container. This step a) may take place in a tem-
perature-controlled environment, for example in a cooled
warehouse so that the product(s) already have a desired
temperature, thus minimizing the energy needed during
the temperature-controlled storage or transport. Once
the product(s) have been placed in the product receiving
chamber, the product receiving chamber is closed, typi-
cally by means of a thermally insulated top lid.
[0051] In step b) of the method according to the inven-
tion, any product containers filled with product in step a)
are placed on the support provided by the hollow frame
of the storage rack, such that at least part of the part of
the heat-conductive plate that is exposed to an outside
of the product container is in direct heat-conductive con-
tact with the support. More than one product container
with product may be placed on one storage rack. Pref-
erably, the maximum number of filled containers is placed
on a storage rack so that open space between product
containers is minimized in order to minimize loss of cold
or heat to the environment. In step b), product containers
with product may be placed on more than one storage
rack.
[0052] In step c), the device outlet of the temperature-
regulating device is fluidly connected to the fluid inlet of
the hollow frame and the device inlet of the temperature-
regulating device is fluidly connected to the fluid outlet
of the hollow frame. Once the respective inlets and outlets
are connected in step c), cooled or heated heat-transfer
fluid is circulated from the temperature-regulating device
through the fluid flow path in the hollow frame of the stor-
age rack back to the temperature-regulating device (step
d)). This circulation of heat transfer fluid may be carried
out by means of a pump, for example a pump in the tem-
perature-regulating device.
[0053] Step c), optionally in combination with step d)
may be carried out after step b), prior to step b), or prior
to step a). During step b), the fluid flow path in the hollow
frame of the storage rack may already be filled with heat-
transfer-fluid, either with stagnant (if steps c) and d) have
not yet been carried out) or with circulating heat-transfer
fluid (if steps c) and d) have been carried out before step
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b)).
[0054] If the method is a method for temperature-con-
trolled transport of a product, in particular cooled trans-
port, and the system comprises a vehicle comprising the
temperature-regulating device and a cargo space as dis-
closed herein, steps a) and b) preferably take place out-
side the cargo space of the vehicle, for example at a
storage location, preferably in a cooled environment such
as a cooled warehouse. Thereafter, the storage rack(s)
supporting the filled product container(s) are placed in
the cargo space of the vehicle, preferably wheeled into
the cargo space of the vehicle. Once the storage rack(s)
are placed in the cargo space, steps c) and d) are carried
out. If the temperature-regulating device is located out-
side the cargo space, typically at an outer surface of the
vehicle, for example above the driver cabin, the temper-
ature-regulating device is at some distance of the storage
rack(s) and conduits, preferably flexible conduits, may
be used to fluidly connect the respective inlets and out-
lets.
[0055] By circulating cooled or heated heat-transfer-
fluid through the hollow frame of the storage rack, prod-
uct(s) in the product container(s) placed on the support
provided by the hollow frame will be kept at a desired
temperature during storage or transport.
[0056] The method may further comprise a step of re-
moving one or more product containers from the storage
rack, in order to retrieve or deliver the product(s) that are
contained therein.
[0057] Any emptied product container(s) may need to
be brought back to a warehouse or other location for re-
filling with products. To this effect, the emptied product
container(s) may be placed back on the storage rack. To
avoid loss of cold or heat by heat transfer to an empty
product container, any empty product container(s) are
preferably placed back on the storage rack without mak-
ing direct heat-conductive contact with the hollow frame
of the storage rack. This may be done by placing any
empty product container(s) upside down on the storage
rack, so that the part of the heat-conductive plate ex-
posed to the container outside faces away from the hol-
low frame of the storage rack. The thermally-insulated
top of the product container, typically the thermally-insu-
lated top lid, now minimized heat-transfer between the
support and the container. Alternatively or additionally,
the thermally-insulated top lid of the container may be
removed from the container and placed between the sup-
port provided by the hollow frame and the container bot-
tom.
[0058] The temperature-regulating device may supply
the heat-transfer fluid at its device outlet at a set temper-
ature.
[0059] In the method according to the invention, the
temperature-regulating device preferably is a cooling de-
vice. If the device is a cooling device, the heat-transfer
fluid preferably has a set temperature in the range of from
-20 °C to +5 °C upon passing the fluid inlet of the hollow
frame, more preferably a temperature in the range of from

-10 °C to 0 °C.
[0060] In the method, preferably no passive cooling or
heating means other than the heat-conductive plate part-
ly lining the product receiving chamber are contained in
the product receiving chamber of the product container.

Brief description of drawings

[0061] Further characteristics of the invention will be
explained below, with reference to embodiments, which
are displayed in the appended drawings, in which:

Figure 1 shows a mobile storage rack of an embod-
iment of a system according to the present invention,
Figure 2 shows the mobile storage rack of Figure 1
with thermally-insulating elements,
Figure 3 shows a close up view of a container loca-
tion of the mobile storage rack in Figure 2,
Figure 4 shows the mobile storage rack with ther-
mally-insulating elements of Figure 2 with a plurality
of product containers placed on it,
Figure 5 shows a cross-sectional view of a product
container placed on the mobile storage rack of Figure
4,
Figure 6 shows an exploded-view of a product con-
tainer and a thermally-insulated element,
Figure 7 shows a cross-sectional view as Figure 5,
with the product container lifted from the storage
rack, and
Figure 8 depicts a schematic overview of an embod-
iment of the system according to the present inven-
tion.

[0062] Throughout the figures, the same reference nu-
merals are used to refer to corresponding components
or to components that have a corresponding function.

Detailed description of embodiments

[0063] Figure 1 schematically depicts a mobile storage
rack 2 comprising four wheels 3 and a hollow frame 4
formed of rectangular hollow metal tube elements welded
to each other. The tube elements are welded to each
other such that a fluid flow path (not shown) is defined
inside hollow frame 4 between fluid inlet 6 and fluid outlet
7. Hollow frame 4 is configured such that if fluid is supplied
to the fluid flow path inside the hollow frame, there is fluid
flow in the entire fluid flow path, i.e. through the entire
hollow frame 4.
[0064] In Figure 2 is shown the storage rack 2 of Figure
1 with thermally-insulating elements 8 of expanded pol-
ystyrene attached to hollow frame 4 to cover open space
between parts of hollow frame 4 that provide a support
for a product container. Thus, the part of the exposed
heat-conductive plate of a product container placed on
hollow frame 4 that is not in direct contact with hollow
frame 4 is thermally insulated. The thermally insulating
elements 8 are also covering the sides of the support
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provided by hollow frame 4 that is not in direct contact
with the product container when placed on hollow frame
4. In Figure 3 is shown in more detail how hollow frame
4 is provided with thermally insulating elements 8, i.e. by
covering the lower and side surfaces and exposing the
top surface of tube elements of hollow frame 4 that sup-
port product containers when placed on it.
[0065] In Figure 4 is shown the storage rack 2 of Figure
2 with twenty product containers 20 placed on the support
provided by hollow frame 4.
[0066] In Figure 5 is shown a cross-sectional view of
product container 20 placed on hollow frame 4 that is
provided with thermally insulating element 8. Product
container 20 comprises product receiving chamber 21,
side walls 23 of thermally insulating material, and top lid
24 of thermally insulating material. Product receiving
chamber 21 is partially lined with a metal plate (22, 25,
27). Part 22 of the metal plate forms the bottom surface
of product receiving chamber 21, parts 25 of the metal
plate line part of the side surfaces of product receiving
chamber 21. Part 22 of the metal plate is exposed to the
outside of container 20 so that part of it is in direct heat-
conductive contact with hollow frame 4. Side wall 23 has
an inwardly protruding ridge 26 and part 27 of the metal
plate is formed horizontally such that it can engage with
inwardly protruding ridge 26 of side wall 23 to prevent
the metal plate from sliding out of side walls 23 when the
container 20 is not supported on hollow frame 4 (as can
be seen more clearly in Figure 7).
[0067] In Figure 6, an exploded view of product con-
tainer 20 and thermally insulating element 8 is shown. In
this embodiment of the container, opposed side walls 23’
of container 20 are provided with apertures 28, config-
ured to engage with the tube elements of hollow frame
4 when product container 20 is placed on hollow frame
4, to prevent product container 20 from sliding or from
falling off storage rack 2.
[0068] In Figure 7 is shown that if container 20 is lifted
from hollow frame 4, metal plate (22, 25, 27) is prevented
from sliding out of side walls 23, since horizontal lips 27
of the metal plate engage with the inwardly protruding
ridge 26 of side walls 23. Thermal insulating element 8
is provided with a recess 9 that can engage with the bot-
tom contour 29 of side walls 23 to prevent product con-
tainer 20 from sliding or from falling off hollow frame 4
((as can be seen more clearly in Figure 5).
[0069] In Figure 8 is schematically shown a system a
according to the invention showing a support rack 2 with
product containers 20 and cooling device 50. Cooling
device 50 has a pump (not shown) that is configured to
circulate a flow of heat-transfer fluid through the fluid flow
path in the hollow frame of storage rack 2. Cooling device
50 has a device outlet 51 for cooled heat-transfer fluid,
which is connected to fluid inlet 6 of the hollow frame of
storage rack 2 via a feed conduit 61. Cooling device 50
further has a device inlet 52 for a return flow of heat-
transfer fluid. Device inlet 52 is connected to fluid outlet
7 of the hollow frame of storage rack 2 via a return conduit

62.
[0070] Flow of heat-transfer flow through the fluid flow
path in hollow frame of support rack 2 between inlet 6
and outlet 7 is schematically indicated with arrows F. Sys-
tem 1 in Figure 8 comprises a vehicle (not shown), in
which cooling device 50 is located outside a cargo space
100. Storage rack 2 is placed inside cargo space 100.
[0071] Cooling device 50 is located outside cargo
space 100 and is configured to discharge heat outside
cargo space 100. As such, it is prevented that cargo
space 100 itself is heated and that a temperature gradient
between cargo space 100 and the product receiving
chambers in product containers 20 would become larger.
[0072] With storage rack 2 being movable out of cargo
space 100, it is beneficial that it can be uncoupled from
cooling device 50. According to the present embodiment,
the fluid connection between conduits 61, 62 and fluid
inlet 6 and fluid outlet 7 of storage rack 2, respectively,
is established by means of quick connectors (not shown).

Claims

1. A system for temperature-controlled storage and/or
transport of a product, comprising:

- a plurality of thermally-insulated product con-
tainers, each comprising a thermally insulated
product receiving chamber, which is at least
partly lined with a heat-conductive plate, where-
in part of the heat-conductive plate is exposed
to an outside of the product container;
- at least one storage rack for supporting the
product containers, comprising a hollow frame
formed by a plurality of hollow tube elements of
heat-conductive material, which are connected
to each other to define a fluid flow path between
a fluid inlet and a fluid outlet of the hollow frame,
wherein the frame provides a support for the
product containers and a structure giving shape
and strength to the rack; and
- a temperature-regulating device, configured to
cool or heat a heat-transfer fluid, wherein the
device comprises a device inlet for the heat-
transfer fluid and a device outlet for cooled or
heated heat-transfer fluid and wherein the de-
vice outlet is fluidly connectable to the fluid inlet
of the hollow frame and wherein the device inlet
is fluidly connectable to the fluid outlet of the
hollow frame,
wherein the part of the heat-conductive plate
that is exposed to an outside of the product con-
tainer can be brought in direct heat-conductive
contact with the support for the product contain-
ers when the product container is placed on the
support.

2. A system according to claim 1, wherein each of the
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product containers comprises a lid, preferably a top
lid, more preferably a thermally insulated top lid.

3. A system according to claim 1 or 2, wherein the heat-
conductive plate is exposed to an outside of the prod-
uct container at the lower end of the product contain-
er.

4. A system according to any one of the preceding
claims, wherein the heat-conductive plate is a metal
plate, preferably a plate of an aluminium alloy.

5. A system according to any one of the preceding
claims, wherein the heat-conductive material of the
tube elements is a metal, preferably an aluminium
alloy.

6. A system according to any one of the preceding
claims, wherein the hollow tube elements are square
or rectangular hollow tube elements.

7. A system according to any one of the preceding
claims, wherein each of the at least one storage rack
is configured to support in the range of from 4 to 50
product containers, preferably of from 8 to 40 product
containers, more preferably of from 16 to 30 product
containers.

8. A system according to any one of the preceding
claims, wherein the hollow frame is partly are em-
bedded in thermally-insulating material, in such a
way that the hollow frame comprises container loca-
tions for supporting a product container at which the
heat-conductive material of the tube elements is ex-
posed for direct heat-conductive contact with the part
of the heat-conductive plate that is exposed to an
outside of the product container, when the product
container is placed on the support at the container
location.

9. A system according to any one of the preceding
claims, wherein the storage rack is a mobile storage
rack, comprising one or more wheels.

10. A system according to any one of the preceding
claims , wherein the temperature-regulating device
is a cooling device.

11. A system according to any one of the preceding
claims, wherein the system comprises a vehicle, the
vehicle comprising the temperature-regulating de-
vice and a cargo space for containing the at least
one storage rack, wherein the temperature-regulat-
ing device is preferably located outside the cargo
space.

12. A system according to any one of the preceding
claims , wherein the product is a food product or a

medicament.

13. A method for temperature-controlled storage and/or
transport of a product, using a system according to
any of the claims 1 to 12, the method comprising the
steps of:

a) placing the product in the product receiving
chamber of the thermally-insulated product con-
tainer;
b) placing the product container with product on
the support of the storage rack such that at least
part of the heat-conductive plate exposed to an
outside of the product container is in direct heat-
conductive contact with the support;
c) fluidly connecting the device outlet to the fluid
inlet of the hollow frame and the device inlet to
the fluid outlet of the hollow frame; and
d) circulating cooled or heated heat-transfer fluid
from the temperature-regulating device through
the fluid flow path in the hollow frame of the stor-
age rack back to the temperature-regulating de-
vice.

14. A method according to claim 13, wherein the system
according to claim 12 is used, further comprising the
step of:
e) placing the storage rack in the cargo space after
steps b) and prior to step c).
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