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(57) Methods and systems for providing power from
an energy supply source having a limited charge to one
or more self-contained climate controlled storage units
are disclosed. The power is provided from an energy sup-
ply source having a limited charge to one or more
self-contained climate controlled storage units in a trans-
port unit. The method includes determining whether to
supply power from the energy supply source to the one
or more self-contained climate controlled storage units;
supplying power in response to the determining indicat-
ing that power is to be supplied; determining whether to
continue supplying power from the energy supply source
to the one or more self-contained climate controlled stor-
age units; and stopping supplying power in response to
the determining whether to continue indicating that power
is no longer to be supplied.
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Description

FIELD

[0001] This disclosure relates generally to a self-con-
tained climate controlled storage unit. More particularly,
the disclosure relates to a method and system for man-
aging one or more energy supply sources and one or
more energy load sources in a transport unit for the self-
contained climate controlled storage unit.

BACKGROUND

[0002] A self-contained climate controlled storage unit,
such as a refrigerated air freight containe-r (e.g., Thermo
King Air 100-RKN, etc.), a portable refrigeration container
(e.g., Thermo King Cold Cube™ containers, etc.), etc.,
provides portable climate controlled storage for cargo. In
some instances, the cargo can be high value/critical car-
go. These self-contained climate controlled storage units
are typically battery powered. The batteries typically re-
quire battery charging prior to transport so that the unit
can provide and maintain climate control (e.g., temper-
ature, humidity, atmosphere, etc.) without external pow-
er. In many instances, regulatory agencies (e.g., Federal
Aviation Administration - FAA, etc.) and trade associa-
tions (e.g., International Air Transport Association - IATA,
etc.) provide regulations that impose strict performance
specifications on self-contained climate controlled stor-
age units. Failure to meet these regulations or attempts
to modify these units once certified can result in refusal
of certification and entry into, for example, an aircraft.
Accordingly, modification to existing self-contained cli-
mate controlled storage units can be difficult if not impos-
sible.
[0003] The cargo in a self-contained climate controlled
storage unit can be at risk the longer the unit is delayed
from reaching its destination. That is, the battery source
providing power to the self-contained climate controlled
storage unit can fully discharge and the climate control
capacity of the unit can be exhausted. When this hap-
pens, the cargo can potentially fall out of compliance with
climate control requirements. Loss or spoilage of cargo
stored in the unit can occur.

SUMMARY

[0004] This disclosure relates generally to a self-con-
tained climate controlled storage unit. More particularly,
the disclosure relates to a method and system for man-
aging one or more energy supply sources and one or
more energy load sources in a transport unit for the self-
contained climate controlled storage unit. In an embod-
iment, the energy supply source has a limited or finite
charge amount. For example, in an embodiment the en-
ergy supply source can be a battery storage system that
includes one or more batteries.
[0005] In an embodiment, a self-contained climate

controlled storage unit includes an onboard power source
(e.g., the self-contained climate controlled storage unit
includes its own battery, etc.). In an embodiment, a mo-
bile charging system is provided to extend a run time of
a power source (e.g., the onboard battery) of a self-con-
tained climate controlled storage unit. The mobile charg-
ing system can extend the run time prior to, during, or
after transport of the self-contained climate controlled
storage unit. In an embodiment, the onboard power
source can be included as part of the self-contained cli-
mate controlled storage unit. In an embodiment, the self-
contained climate controlled storage unit does not in-
clude an onboard power source. In such an embodiment,
the mobile charging system can provide power to one or
more components of the self-contained climate control-
led storage unit.
[0006] In an embodiment, the self-contained climate
controlled storage unit can be an air freight container.
The embodiments described in this specification can pro-
vide power to charge the power source of the air freight
container from an origination point to an airport. The em-
bodiments can extend autonomous operation of the air
freight container. In an embodiment, the air freight con-
tainer may not include a power source. In such an em-
bodiment, the embodiments described in this specifica-
tion can provide power to the air freight container from a
power source having a limited power supply.
[0007] In another example, the embodiments de-
scribed herein can be used to charge an empty self-con-
tained climate controlled storage unit prior to loading car-
go for shipment. That is, while an empty unit is being
transported back to a warehouse for loading, the unit can
be charged. Accordingly, the out of service duration of
the unit required for charging the unit while sitting in a
warehouse can be reduced. This can provide faster turn-
around time for using a unit leading to higher utilization
of the unit and increased revenue for the unit owner.
[0008] The embodiments described herein can extend
autonomous operation of a self-contained climate con-
trolled storage unit using one or more charge sources
including, for example, shore power, one or more solar
panels, an alternator (e.g., an alternator driven by a trans-
port refrigeration unit (TRU), an alternator driven by a
tractor engine, etc.), an on-board generator, etc. These
charge sources can charge the unit while in storage
and/or during transport.
[0009] The embodiments described herein can pre-
vent loss of cargo stored in a self-contained climate con-
trolled storage unit when, for example, the self-contained
climate controlled storage unit is delayed from reaching
its final destination.
[0010] In one embodiment, a method for providing
power from an energy supply source having a limited
charge to one or more self-contained climate controlled
storage units in a transport unit. The method includes
determining whether to supply power from the energy
supply source to the one or more self-contained climate
controlled storage units. The method also includes sup-
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plying power in response to the determining indicating
that power is to be supplied. Also, the method includes
determining whether to continue supplying power from
the energy supply source to the one or more self-con-
tained climate controlled storage units. Further, the meth-
od includes stopping supplying power in response to the
determining whether to continue indicating that power is
no longer to be supplied.
[0011] In another embodiment, a mobile charging sys-
tem for extending autonomous operation of an electrically
powered self-contained climate controlled storage unit in
a transport unit is provided. The system includes a power
source and a system controller. The power source sup-
plies power to the electrically powered self-contained cli-
mate controlled storage unit. The system controller is
connected to the power source and to the self-contained
climate controlled storage unit. The system controller is
configured to control operation of the mobile charging
system by communicating with the power source and the
self-contained climate controlled storage unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] References are made to the accompanying
drawings that form a part of this disclosure and which
illustrate the embodiments in which systems and meth-
ods described in this specification can be practiced.

Figures 1A and 1B illustrate a self-contained climate
controlled storage unit, according to an embodiment.
Figure 2 illustrates a refrigerated transport unit at-
tached to a tractor, according to an embodiment.
Figure 3 is a flowchart of a method for providing pow-
er from an energy supply source to one or more en-
ergy load sources, according to an embodiment.
Figures 4A - 4D are flowcharts including methods
for providing power from an energy supply source to
one or more energy load sources according to the
method in Figure 3, according to some embodi-
ments.

[0013] Like reference numbers represent like parts
throughout.

DETAILED DESCRIPTION

[0014] This disclosure relates generally to a self-con-
tained climate controlled storage unit. More particularly,
the disclosure relates to a method and system for man-
aging one or more energy supply sources and one or
more energy load sources in a transport unit for the self-
contained climate controlled storage unit.
[0015] Self-contained climate controlled storage units
can be transported in a refrigerated transport unit. The
self-contained climate controlled storage units can be
battery powered. The batteries can be supplied with an
energy supply source when the self-contained climate
controlled storage units are in the refrigerated transport

unit. Some self-contained climate controlled storage
units may not include a battery. The self-contained cli-
mate controlled storage units can be supplied with an
energy supply source when the self-contained climate
controlled storage units are in the refrigerated transport
unit.
[0016] In some cases, the energy supply source can
be limited. For example, the energy supply source can
be a battery storage system that is charged by an alter-
nator, solar panels, or the like. If the self-contained cli-
mate controlled storage unit, which serves as an energy
load source in this scenario, receives power from the
energy supply source without limitation, the battery stor-
age system can be drained to a point that no additional
energy can be supplied to the energy load source. As a
result, the self-contained climate controlled storage unit
could have insufficient energy to power the unit, and the
cargo stored within the self-contained climate controlled
storage unit can reach temperatures that are unaccept-
able for the cargo contained therein. This can result in
loss or spoilage of the cargo. In some cases, a plurality
of self-contained climate controlled storage units can be
transported in the refrigerated transport unit. In such cas-
es, if the energy load sources are not managed, one of
the energy load sources could drain the battery storage
system without another of the energy load sources hav-
ing had access to the energy supply source. In such cas-
es, one or more of the plurality of self-contained climate
controlled storage units may end up with loss or spoilage
of the cargo.
[0017] Systems and methods described in this speci-
fication are directed to balancing one or more energy
load sources (e.g., one or more self-contained climate
controlled storage units, etc.) to share power from an
energy supply source (e.g., a battery storage system,
etc.) in a refrigerated transport unit. In an embodiment,
the balancing may be based on, for example, a load de-
mand of the one or more energy load sources; a duration
in which the one or more energy load sources receives
power from the energy supply source; a duration since
the one or more energy load sources have received pow-
er from the energy supply source; a sensed condition
corresponding to the one or more energy load sources
(e.g., a temperature within the self-contained climate
controlled storage unit, etc.); an estimated duration of
transit time; a current weather condition; an estimated
duration until another energy supply source is available;
combinations thereof, or the like.
[0018] While some of the embodiments discussed be-
low are discussed with respect to an air freight container,
one skilled in the art would recognize the embodiments
discussed herein can be provided for any type of electri-
cally powered self-contained climate controlled storage
unit (e.g., air freight containers, portable refrigerated stor-
age boxes, etc.).
[0019] Figures 1A and 1B illustrate a refrigerated air
freight container 10, according to an embodiment. For
simplicity of this specification, the refrigerated air freight
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container 10 will be referred to simply as the container
10. The container 10 includes an insulated housing 12
for an interior space 20, a climate control unit 14, and a
power and control unit 22.
[0020] In the illustrated embodiment, the insulated
housing 12 includes insulated side, bottom, and top walls
configured to generally conform to the shape required of
the container 10. One end wall includes doors 16. The
doors 16 are kept closed by a securing mechanism 18.
[0021] Access to the interior space 20 is provided via
the doors 16. Figure 1A illustrates a side perspective view
of the air freight container 10 in which the doors 16 are
closed. Figure 1B illustrates another side perspective
view of the air freight container 10 in which the doors 16
are open.
[0022] The climate control unit 14 is configured to pro-
vide climate control (e.g., temperature, humidity, atmos-
phere, etc.) within the interior space 20. In particular, the
climate control unit 14 can provide climate control to
maintain fresh and/or frozen cargo stored within the in-
terior space 20. It will be appreciated that the particular
cargo is not limiting. For example, in an embodiment, the
cargo can include perishable items such as food, while
in another embodiment the cargo can include pharma-
ceuticals which need to be maintained at a particular tem-
perature. In an embodiment, the climate control unit 14
can include one or more refrigeration circuits (not shown).
Each of the one or more refrigeration circuits can include,
for example, a compressor, a condenser, an evaporator,
and an expansion valve. In an embodiment, one or more
condensers (not shown), one or more condenser fans
(not shown), and one or more electrical components
(e.g., valve(s)) (not shown) can be housed within the cli-
mate control unit 14. There can also be one or more evap-
orators (not shown) and one or more evaporator fans
(not shown) housed within one or both of the climate con-
trol unit 14 and the interior space 20 to provide climate
control within the interior space 20.
[0023] The battery and control unit 22 is configured to
power and control the climate control unit 14. The battery
and control unit 22 includes, for example, a controller
(not shown) and a battery source (not shown). In an em-
bodiment, the battery and control unit 22 can also include
a human machine interface (HMI) (not shown) that is
powered by the battery source and configured to com-
municate with the controller. It will be appreciated that in
an embodiment, the container 10 may not include a bat-
tery source and may be powered when connected to an
external power source. The controller is configured to
control, for example, the one or more electrical compo-
nents, the compressor, the one or more condenser
and/or evaporator fans, etc. The battery source is con-
figured to provide electrical energy to, for example, the
controller, the one or more electrical components, the
compressor, the one or more condenser and/or evapo-
rator fans, etc.
[0024] The battery source can include one or more bat-
tery banks (not shown) with a DC and/or AC charge input

24 configured to allow an external power source to charge
the one or more battery banks. When charge input 24
includes a DC charge input, the battery source can also
include a DC charge controller, a DC isolation connec-
tion, and a DC disconnect switch. When the charge input
24 includes an AC charge input, the battery source can
also include an AC inverter, an AC charger, and an AC
disconnect switch and a breaker panel. Embodiments of
systems and methods for extending autonomous oper-
ation of a self-contained climate controlled storage unit,
such as the container 10, are described in additional de-
tail below.
[0025] Figure 2 illustrates a refrigerated transport unit
50 attached to a tractor 52, according to an embodiment.
The refrigerated transport unit 50 includes a transport
refrigeration system (TRS) 54, a mobile charging system
68, and a transport unit 56. The TRS 54 is configured to
control a temperature of an internal space 60 of the trans-
port unit 56. In particular, the TRS 54 is configured to
transfer heat between an internal space 60 and the out-
side environment. In some embodiments, the TRS 54 is
a multi-zone system in which different zones or areas of
the internal space 60 are controlled to meet different re-
frigeration requirements based on the cargo stored in the
particular zone. The TRS 54 includes a transport refrig-
eration unit (TRU) 58 for providing climate control within
the internal space 60. The internal space 60 can store
cargo including, for example, one or more self-contained
climate controlled storage units that can be charged by
the mobile charging system 68.
[0026] The mobile charging system 68 includes a solar
charging unit 62 and a mobile charging system storage
unit 66. The solar charging module 62 includes portions
of a solar charging module of the mobile charging system
68 including a plurality of solar panel arrays 64. Each of
the solar panel arrays 64 include a plurality of solar panels
(not shown). In some embodiments, the solar charging
unit 62 can be used by the mobile charging system 68
and provide electrical energy for use by the TRS 54.
[0027] The mobile charging system storage unit 66 can
store portions of the mobile charging system 68 including,
for example, a battery bank (not shown), remaining por-
tions of a solar charge module (not shown), an AC in-
verter charge module (not shown), a DC charge module
(not shown), a DC charge controller (not shown), etc.
[0028] Figure 3 is a flowchart of a method 100 for pro-
viding power from an energy supply source to one or
more energy load sources, according to an embodiment.
The method 100 generally can be performed to selec-
tively provide power from the energy supply source to
the one or more energy load sources. In an embodiment,
the energy supply source can be a battery storage sys-
tem. In general, the energy supply source includes a lim-
ited charge (e.g., a limited or finite amount of energy that
can be supplied to the one or more energy load sources).
It will be appreciated that a source for the energy supply
source is not intended to be limiting. Accordingly, the
energy supply source can receive power from one or
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more sources. For example, in an embodiment in which
the energy supply source is a battery storage system,
the battery storage system can be charged by, for exam-
ple, one or more solar panels, an alternator, etc.
[0029] At 105, a controller (e.g., a controller of the mo-
bile charging system 68 in Figure 2) determines whether
to supply power to one or more energy load sources. In
an embodiment, the one or more energy load sources
are self-contained climate controlled storage units (e.g.,
the container 10 in Figure 1). The determination at 105
can be based on a variety of different selection criteria.
Examples of suitable criteria include, but are not limited
to, a load demand of the one or more energy load sourc-
es; a duration in which the one or more energy load sourc-
es receives power from the energy supply source; a du-
ration since the one or more energy load sources have
received power from the energy supply source; a sensed
condition corresponding to the one or more energy load
sources (e.g., a temperature within the self-contained cli-
mate controlled storage unit, a rate of change of the tem-
perature within the self-contained climate controlled stor-
age unit, etc.); an estimated duration of transit time; a
current weather condition; an estimated duration until an-
other energy supply source is available; combinations
thereof, or the like. Several examples are discussed in
additional detail in accordance with the figures that follow.
[0030] If a determination is made to supply power from
the energy supply source to one or more of the one or
more energy load sources, power is supplied at 110. If a
determination is made not to supply power from the en-
ergy supply source to one or more of the one or more
energy load sources, the controller continues to deter-
mine whether to supply power at 105.
[0031] At 115, the controller determines whether to
continue supplying power from the energy supply source
to the one or more energy load sources. The determina-
tion at 115 can be based on a variety of factors including,
but not limited to, determinations similar to those made
in 105. That is, the determination at 115 can be based
on, for example, a load demand of the one or more energy
load sources; a duration in which the one or more energy
load sources receives power from the energy supply
source; a duration since the one or more energy load
sources have received power from the energy supply
source; a sensed condition corresponding to the one or
more energy load sources (e.g., a temperature within the
self-contained climate controlled storage unit, a rate of
change of the temperature within the self-contained cli-
mate controlled storage unit, etc.); an estimated duration
of transit time; a current weather condition; an estimated
duration until another energy supply source is available;
combinations thereof, or the like.
[0032] If the determination is made to continue, the
method 100 continues supplying power at 110. If the de-
termination is made to stop supplying power based on
the above criteria, then the controller stops supplying
power from the energy supply source to one or more of
the one or more energy load sources at 120.

[0033] In an embodiment, upon stopping the supply of
power from the energy supply source, the method 100
can be performed again by the controller. That is, the
method 100 can return to 105 and determine whether to
supply power to one or more of the one or more energy
load sources. It will be appreciated that the method 100
can be continuously performed when, for example, the
one or more load sources are electrically connected to
the mobile charging system.
[0034] Figures 4A - 4D are flowcharts including meth-
ods 100A - 100D for providing power from an energy
supply source to one or more energy load sources ac-
cording to the method 100 in Figure 3, according to some
embodiments. The methods illustrated in Figures 4A -
4D include specific embodiments for some aspects of
the method 100 described in accordance with Figure 3
above. For simplicity of this specification, aspects of the
method 100 are illustrated in Figures 4A - 4D for clarifying
a relationship of the features. It will be appreciated that
the methods 100A - 100D in Figures 4A - 4D can be
implemented individually or in combinations thereof.
[0035] Figure 4A illustrates a flowchart for a method
100A, according to an embodiment. The method 100A
is generally directed to the method 100 described in ac-
cordance with Figure 3. The method 100A includes a
specific embodiment in which the determination as to
whether to provide power from the energy supply source
to the one or more energy load sources depending upon
an electrical load (e.g., a load current, a load power, a
load voltage, etc.) of the one or more energy load sourc-
es.
[0036] At 150, a controller (e.g., a controller of the mo-
bile charging system 68 in Figure 2) determines an elec-
trical load on one or more of the one or more energy load
sources. The controller can determine the current by, for
example, receiving a current value from one or more cur-
rent sensors. At 155 the controller determines whether
the electrical load of a first of the one or more energy
load sources is greater than a threshold electrical load.
If the electrical load is greater than the threshold electrical
load, power is supplied at 110 from the energy supply
source to the first of the one or more energy load sources.
At 160, the controller again determines the electrical load
and determines whether the electrical load is greater than
the threshold electrical load. If the electrical load is still
greater than the threshold electrical load, the controller
can continue supplying power at 110. Optionally, the con-
troller can determine whether a duration of the power
being supplied to the energy load source is greater than
a time threshold at 165. If the duration is less than the
time threshold, then power can continue to be supplied
at 110. If the electrical load is less than the threshold
electrical load at 160 or the duration is greater than the
time threshold at 165, the method 100A can proceed to
120 and discontinue supplying power to the energy load
source. In an embodiment in which there are a plurality
of energy load sources, the controller can supply power
switch to a different one of the plurality of energy load

7 8 



EP 3 343 728 A1

6

5

10

15

20

25

30

35

40

45

50

55

sources at 170. The method 100A can then be repeated.
[0037] By execution of the method 100A, power can
be supplied to a first of a plurality of energy load sources,
then a second, then a third, etc. If the method 100A cycles
through each of the plurality of energy load sources, then
the method 100A can start again with the first energy
load source. The method 100A can execute until the en-
ergy supply source is depleted or a destination is reached
and the energy load sources are electrically disconnect-
ed from the mobile charging system.
[0038] Figure 4B illustrates a flowchart for a method
100B, according to an embodiment. The method 100B
is generally directed to the method 100 described in ac-
cordance with Figure 3. The method 100B includes a
specific embodiment in which the determination as to
whether to provide power from the energy supply source
to the one or more energy load sources depending upon
an operating condition of the one or more energy load
sources.
[0039] At 175, a controller (e.g., a controller of the mo-
bile charging system 68 in Figure 2) determines an op-
erating condition of the one or more energy load sources.
For example, the operating condition can include a tem-
perature of the cargo or the interior space in a self-con-
tained climate controlled storage unit (e.g., the self-con-
tained climate controlled storage unit 10 in Figures 1A -
1B). In an embodiment, the operating condition can in-
clude both the temperature of the cargo and the temper-
ature of the interior space. In an embodiment, the oper-
ating condition also includes a battery voltage of the self-
contained climate controlled storage unit.
[0040] At 180, the controller can supply power from the
energy supply source (e.g., mobile charging system 68
of Figure 2) to the energy load source of the one or more
energy load sources that has a greatest need for supple-
mental power. For example, the controller can supply
power from the energy supply source to the energy load
source which has an operating condition one or more of
a relatively lowest battery level and a temperature that
is relatively most critical (e.g., the temperature is furthest
from a desired set point, closest to an unacceptable tem-
perature at which loss or spoilage could occur, etc.).
[0041] At 115, the controller determines whether to
continue supplying power from the energy supply source
to the energy load source. This determination can in-
clude, for example, determining whether there is another
energy load source that has become the energy load
source having the greatest need for supplemental power.
In an embodiment, this can include determining whether
the operating condition has reached an acceptable level.
An acceptable level can vary depending on, for example,
a type of cargo in the self-contained climate controlled
storage unit, etc. In an embodiment, an acceptable level
can be a temperature that is greater than a set point tem-
perature of the self-contained climate controlled storage
unit. In an embodiment, an acceptable level can be a
temperature that is less than a set point temperature of
the self-contained climate controlled storage unit. In an

embodiment, the acceptable level may be a temperature
that is offset by a selected amount from the set point
temperature.
[0042] If the decision is made to continue at 115, the
controller continues supplying power to the energy load
source at 180. If the decision is made to not continue at
115, the controller stops supplying power from the energy
supply source to the energy load source at 120. The
method 100B can execute until the energy supply source
is depleted or a destination is reached and the energy
load sources are electrically disconnected from the mo-
bile charging system.
[0043] By execution of the method 100B, power can
be supplied to a first of a plurality of energy load sources,
then a second, then a third, etc. If the method 100B cycles
through each of the plurality of energy load sources, then
the method 100B can start again with the first energy
load source. The method 100B can execute until the en-
ergy supply source is depleted or a destination is reached
and the energy load sources are electrically disconnect-
ed from the mobile charging system.
[0044] Figure 4C illustrates a flowchart for a method
100C, according to an embodiment. The method 100C
is generally directed to the method 100 described in ac-
cordance with Figure 3. The method 100C includes cy-
cling through the one or more energy load sources and
supplying power from the energy supply source for a du-
ration of a timer to each of the one or more energy load
sources.
[0045] At 182, a controller (e.g., a controller of the mo-
bile charging system 68 in Figure 2) selects one of the
one or more energy load sources and starts a timer. At
110, the controller supplies power from the energy supply
source to the selected energy load source. At 185 the
controller determines whether the timer is expired. If the
timer is not expired, the controller continues to supply
power at 110. If the time is expired, the controller stops
supplying power at 120. The method 100C can then re-
peat for a next of the one or more energy load sources.
[0046] By execution of the method 100C, power can
be supplied to a first energy load source for a selected
period of time, then a second, then a third, etc. If the
method 100C cycles through each of the energy load
sources, then the method 100C can begin again with the
first energy load source. The method 100C can execute
until the energy supply source is depleted or a destination
is reached and the energy load sources are electrically
disconnected from the mobile charging system.
[0047] Figure 4D illustrates a flowchart for a method
100D, according to an embodiment. The method 100D
is generally directed to the method 100 described in ac-
cordance with Figure 3. The method 100D includes a
specific embodiment in which the determination as to
whether to provide power from the energy supply source
to the one or more energy load sources depending upon
information about, for example, the shipment, weather
conditions, etc.
[0048] At 190, a controller (e.g., a controller of the mo-
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bile charging system 68 in Figure 2) determines informa-
tion about a shipment that includes one or more energy
load sources (e.g., self-contained climate controlled stor-
age unit 10 in Figures 1A - 1B). The shipment information
can include a variety of information. Examples of suitable
information include, but are not limited to, a duration of
the shipment; an estimated time of arrival; a geolocation
(e.g., a global position system (GPS) location) of the
transport unit; a time of day; a weather forecast; an ex-
pected transit route; intended stops during transit; or the
like. It will be appreciated that the shipment information
can include combinations or subsets of the shipment in-
formation, according to an embodiment. In an embodi-
ment, the shipment information can include driver log da-
ta as obtained from an electronic logging device (ELD)
associated with the transport unit.
[0049] At 195, the controller selects a load balancing
schema according to which power can be selectively pro-
vided to the self-contained climate controlled storage
units. The load balancing schema takes into account the
determined shipment information to estimate a duration
and order by which to supply power from the energy sup-
ply source to the one or more energy load sources. In an
embodiment, a load balancing schema can include, for
example, providing power from the energy supply source
to the self-contained climate controlled storage unit which
is furthest from its set point, and switching to provide
power to a second self-contained climate controlled stor-
age unit when it is determined that the second self-con-
tained climate controlled storage unit is the furthest from
its set point. The schema can, for example, attempt to
control the power supplied from the energy supply source
so that the charge in the energy supply source lasts as
long as possible during the trip duration before being de-
pleted. In an embodiment, the schema can account for
recharging of the energy supply source when, for exam-
ple, the transport unit is stopped and receives charge
(e.g., via shore power, etc.).
[0050] At 200, the controller supplies power from the
energy supply source to the one or more energy load
sources according to the determined schema. At 205,
the controller determines whether the energy supply
source is depleted. If not, the controller continues sup-
plying power according to the schema. If the energy
source is depleted, the controller stops supplying power
at 120. It will be appreciated that the energy source being
depleted may not be an indication that no charge is avail-
able in the energy source, but that the energy source is
below a selected charge level. After stopping the supply
of power, the controller provides an alert at 210 indicating
that the energy source is depleted. The alert can, for ex-
ample, be a notification to a driver, a dispatcher, or other
party controlling the shipment so that some further action
can be taken to reduce a likelihood of spoilage or loss.
[0051] By execution of the method 100D, power can
be supplied to the energy load sources in a manner that
accounts for real world conditions such as, for example,
the weather, traffic delays, etc.

[0052] It will be appreciated that the methods 100A -
100D can be implemented individually, or in combina-
tions thereof, up to and including combining each of 100A
- 100D.

Aspects:

[0053] It is to be appreciated that any one of aspects
1 - 11 can be combined with any one of aspects 12 - 20.
[0054] Aspect 1. A method for providing power from
an energy supply source having a limited charge to one
or more self-contained climate controlled storage units
in a transport unit, the method comprising:

determining whether to supply power from the ener-
gy supply source to the one or more self-contained
climate controlled storage units;
supplying power in response to the determining in-
dicating that power is to be supplied;
determining whether to continue supplying power
from the energy supply source to the one or more
self-contained climate controlled storage units; and
stopping supplying power in response to the deter-
mining whether to continue indicating that power is
no longer to be supplied.

[0055] Aspect 2. The method according to aspect 1,
wherein the determining whether to supply power from
the energy supply source to the one or more self-con-
tained climate controlled storage units further comprises
determining an electrical load on the one or more self-
contained climate controlled storage units, and indicating
that power is to be supplied when the electrical load is
greater than a threshold electrical load.
[0056] Aspect 3. The method according to aspect 2,
wherein the determining whether to continue supplying
power from the energy supply source to the one or more
self-contained climate controlled storage units includes
determining to stop supplying power when the electrical
load on the one or more self-contained climate controlled
storage units is less than the threshold electrical load.
[0057] Aspect 4. The method according to any one of
aspects 1 - 3, wherein the determining whether to supply
power from the energy supply source to the one or more
self-contained climate controlled storage units further
comprises determining an operating condition of the one
or more self-contained climate controlled storage units,
the operating condition indicating a charge level of a pow-
er source of the self-contained climate controlled storage
units, and the operating condition indicating a tempera-
ture of an interior space of the self-contained climate con-
trolled storage units, and indicating that power is to be
supplied to a first of the one or more self-contained cli-
mate controlled storage units having the operating con-
dition that indicates a highest priority load.
[0058] Aspect 5. The method according to aspect 4,
wherein the determining whether to continue supplying
power from the energy supply source to the one or more
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self-contained climate controlled storage units includes
determining to stop supplying power when the operating
condition is within an acceptable level.
[0059] Aspect 6. The method according to any one of
aspects 1 - 5, wherein the determining whether to supply
power from the energy supply source to the one or more
self-contained climate controlled storage units further
comprises selecting one of the one or more self-con-
tained climate controlled storage units and starting a tim-
er.
[0060] Aspect 7. The method according to aspect 6,
wherein the determining whether to continue supplying
power from the energy supply source to the one or more
self-contained climate controlled storage units includes
determining to stop supplying power when the timer is
completed.
[0061] Aspect 8. The method according to any one of
aspects 1 - 7, wherein the determining whether to supply
power from the energy supply source to the one or more
self-contained climate controlled storage units further
comprises setting a load balancing schema based on
shipment information.
[0062] Aspect 9. The method according to aspect 8,
wherein the shipment information includes one or a com-
bination of: a duration of the shipment; an estimated time
of arrival; a geolocation (e.g., a global position system
(GPS) location) of the transport unit; a time of day; a
weather forecast; an expected transit route; and intended
stops during transit.
[0063] Aspect 10. The method according to aspect 8,
further comprising providing an alert indicating the ener-
gy supply source is depleted following the stopping sup-
plying power.
[0064] Aspect 11. The method according to any one
of aspects 1 - 10, wherein the determining whether to
continue supplying power from the energy supply source
to the one or more self-contained climate controlled stor-
age units includes determining whether a charge of the
energy supply source is below a threshold level.
[0065] Aspect 12. A mobile charging system for ex-
tending autonomous operation of an electrically powered
self-contained climate controlled storage unit in a trans-
port unit, comprising:

a power source for supplying power to the electrically
powered self-contained climate controlled storage
unit; and
a system controller connected to the power source
and connected to the self-contained climate control-
led storage unit, wherein the system controller is con-
figured to control operation of the mobile charging
system by communicating with the power source and
the self-contained climate controlled storage unit.

[0066] Aspect 13. The mobile charging system accord-
ing to aspect 12, wherein the system controller is config-
ured to selectively provide power to the self-contained
climate controlled storage unit.

[0067] Aspect 14. The mobile charging system accord-
ing to any one of aspects 12 - 13, wherein the system
controller is configured to selectively provide power to
the self-contained climate controlled storage unit until the
power source is depleted.
[0068] Aspect 15. The mobile charging system accord-
ing to any one of aspects 12 - 14, wherein the system
controller is configured to provide an alert when the power
source is depleted.
[0069] Aspect 16. The mobile charging system accord-
ing to any one of aspects 12 - 15, wherein the system
controller is configured to determine whether to supply
power from the power source to the self-contained cli-
mate controlled storage unit, supply power in response
to a determination that power is to be supplied, determine
whether to continue supplying power from the power
source to the self-contained climate controlled storage
unit, and stop supplying power in response to the deter-
mining whether to continue indicating that power is no
longer to be supplied.
[0070] Aspect 17. The mobile charging system accord-
ing to any one of aspects 12 - 16, wherein the power
source further comprises one or more charging sources
configured to provide additional charge to the power
source.
[0071] Aspect 18. The mobile charging system accord-
ing to any one of aspects 12 - 17, wherein the power
source has a limited charge.
[0072] Aspect 19. The mobile charging system accord-
ing to any one of aspects 12 - 18, wherein the power
source includes one or more batteries.
[0073] Aspect 20. The mobile charging system accord-
ing to any one of aspects 12 - 19, wherein the self-con-
tained climate controlled storage unit includes an on-
board power source and the power source of the mobile
charging system is further configured to charge the on-
board power source of the self-contained climate con-
trolled storage unit.
[0074] The terminology used in this specification is in-
tended to describe particular embodiments and is not
intended to be limiting. The terms "a," "an," and "the"
include the plural forms as well, unless clearly indicated
otherwise. The terms "comprises" and/or "comprising,"
when used in this specification, specify the presence of
the stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, and/or components.
[0075] With regard to the preceding description, it is to
be understood that changes may be made in detail, es-
pecially in matters of the construction materials employed
and the shape, size, and arrangement of parts without
departing from the scope of the present disclosure. This
specification and the embodiments described are exem-
plary only, with the true scope and spirit of the disclosure
being indicated by the claims that follow.

13 14 



EP 3 343 728 A1

9

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A method for providing power from an energy supply
source having a limited charge to one or more self-
contained climate controlled storage units in a trans-
port unit, the method comprising:

determining whether to supply power from the
energy supply source to the one or more self-
contained climate controlled storage units;
supplying power in response to the determining
indicating that power is to be supplied;
determining whether to continue supplying pow-
er from the energy supply source to the one or
more self-contained climate controlled storage
units; and
stopping supplying power in response to the de-
termining whether to continue indicating that
power is no longer to be supplied.

2. The method according to claim 1, wherein the deter-
mining whether to supply power from the energy sup-
ply source to the one or more self-contained climate
controlled storage units further comprises determin-
ing an electrical load on the one or more self-con-
tained climate controlled storage units, and indicat-
ing that power is to be supplied when the electrical
load is greater than a threshold electrical load; and
optionally
wherein the determining whether to continue supply-
ing power from the energy supply source to the one
or more self-contained climate controlled storage
units includes determining to stop supplying power
when the electrical load on the one or more self-
contained climate controlled storage units is less
than the threshold electrical load.

3. The method according to claim 1, wherein the deter-
mining whether to supply power from the energy sup-
ply source to the one or more self-contained climate
controlled storage units further comprises determin-
ing an operating condition of the one or more self-
contained climate controlled storage units, the oper-
ating condition indicating a charge level of a power
source of the self-contained climate controlled stor-
age units, and the operating condition indicating a
temperature of an interior space of the self-contained
climate controlled storage units, and indicating that
power is to be supplied to a first of the one or more
self-contained climate controlled storage units hav-
ing the operating condition that indicates a highest
priority load; and optionally
wherein the determining whether to continue supply-
ing power from the energy supply source to the one
or more self-contained climate controlled storage
units includes determining to stop supplying power
when the operating condition is within an acceptable
level.

4. The method according to claim 1, wherein the deter-
mining whether to supply power from the energy sup-
ply source to the one or more self-contained climate
controlled storage units further comprises selecting
one of the one or more self-contained climate con-
trolled storage units and starting a timer; and option-
ally
wherein the determining whether to continue supply-
ing power from the energy supply source to the one
or more self-contained climate controlled storage
units includes determining to stop supplying power
when the timer is completed.

5. The method according to claim 1, wherein the deter-
mining whether to supply power from the energy sup-
ply source to the one or more self-contained climate
controlled storage units further comprises setting a
load balancing schema based on shipment informa-
tion; and optionally
wherein the shipment information includes one or a
combination of: a duration of the shipment; an esti-
mated time of arrival; a geolocation (e.g., a global
position system (GPS) location) of the transport unit;
a time of day; a weather forecast; an expected transit
route; and intended stops during transit.

6. The method according to claim 5, further comprising
providing an alert indicating the energy supply
source is depleted following the stopping supplying
power.

7. The method according to claim 1, wherein the deter-
mining whether to continue supplying power from
the energy supply source to the one or more self-
contained climate controlled storage units includes
determining whether a charge of the energy supply
source is below a threshold level.

8. A mobile charging system for extending autonomous
operation of an electrically powered self-contained
climate controlled storage unit in a transport unit,
comprising:

a power source for supplying power to the elec-
trically powered self-contained climate control-
led storage unit; and
a system controller connected to the power
source and connected to the self-contained cli-
mate controlled storage unit, wherein the sys-
tem controller is configured to control operation
of the mobile charging system by communicat-
ing with the power source and the self-contained
climate controlled storage unit.

9. The mobile charging system according to claim 8,
wherein the system controller is configured to selec-
tively provide power to the self-contained climate
controlled storage unit.
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10. The mobile charging system according to 8, wherein
the system controller is configured to selectively pro-
vide power to the self-contained climate controlled
storage unit until the power source is depleted; or
alternatively
wherein the system controller is configured to pro-
vide an alert when the power source is depleted.

11. The mobile charging system according to claim 8,
wherein the system controller is configured to deter-
mine whether to supply power from the power source
to the self-contained climate controlled storage unit,
supply power in response to a determination that
power is to be supplied, determine whether to con-
tinue supplying power from the power source to the
self-contained climate controlled storage unit, and
stop supplying power in response to the determining
whether to continue indicating that power is no longer
to be supplied.

12. The mobile charging system according to claim 8,
wherein the power source further comprises one or
more charging sources configured to provide addi-
tional charge to the power source.

13. The mobile charging system according to claim 8,
wherein the power source has a limited charge.

14. The mobile charging system according to claim 8,
wherein the power source includes one or more bat-
teries.

15. The mobile charging system according to claim 8,
wherein the self-contained climate controlled stor-
age unit includes an onboard power source and the
power source of the mobile charging system is fur-
ther configured to charge the onboard power source
of the self-contained climate controlled storage unit.
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