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TRANSPORT REFRIGERATION UNIT WITH A RENEWABLE ENERY
SOURCE AND METHOD OF OPERATION

BACKGROUND

[0001] The present disclosure relates to a transportgeration unit (TRU)
and, more particularly, to a renewable energy soofdhe transport refrigeration unit

and method of operation.

[0002] Traditional refrigerated cargo trucks or refrigedhttractor trailers,
such as those utilized to transport cargo via smh,or road, is a truck, trailer or
cargo container, generally defining a cargo comrmpant, and modified to include a
refrigeration system located at one end of thekirdmiler, or cargo container.
Refrigeration systems typically include a compresso condenser, an expansion
valve, and an evaporator serially connected bygefant lines in a closed refrigerant
circuit in accord with known refrigerant vapor camgsion cycles. A power unit,
such as a combustion engine, drives the compre$dbe refrigeration unit, and may
be diesel powered, natural gas powered, or othmr of engine. In many tractor
trailer transport refrigeration systems, the coragoe is driven by the engine shaft
either through a belt drive or by a mechanical sstafhaft link. In other systems,
the engine of the refrigeration unit drives a gatmrthat generates electrical power,

that in-turn drives the compressor.

[0003] When the cargo container is generally stored, hadlRU sits idle for
long periods of time, a battery of the TRU may beeodrained or depleted thus
hindering the ability to start the TRU when needeloreover, and with current
environmental trends, improvements in transportigefation units are desirable
particularly towards aspects of environmental inipad/ith environmentally friendly
refrigeration units, improvements in reliabilitypst, and weight reduction are also

desirable.
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[0004] A method of operating a multiple energy source oftransport
refrigeration unit according to one, non-limitingmbodiment of the present
disclosure includes determining the transport gefiation unit is at idle; electrically
switching a condenser fan motor from receiving teieal power to a battery charging
circuit; back-driving the condenser fan motor vimavblowing through a condenser
fan; and generating electrical power by the conelefesm motor to charge a battery of

the transport refrigeration unit via the battergucing circuit.

[0005] Additionally to the foregoing embodiment, a conois configured to

determine if the transport refrigeration unit iscié.

[0006] In the alternative or additionally thereto, in fleeegoing embodiment,
an electrical relay is controlled by the controllerelectrically switch the condenser

fan motor.

[0007] In the alternative or additionally thereto, in fleeegoing embodiment,
the method includes selecting a wind energy sosedection indicative of the wind
energy source, and amongst a plurality of energycsoselections to charge the

battery prior to electrically switching the condentan motor.

[0008] In the alternative or additionally thereto, in fleeegoing embodiment,
the plurality of energy source selections includesombustion engine generator

selection indicative of a combustion engine gemerar charging the battery.

[0009] In the alternative or additionally thereto, in fleeegoing embodiment,
the controller includes an energy source selectiodule and is configured to receive
a fuel level signal from a fuel level sensor toledst in-part determine selection

between the combustion engine generator and the @viergy source.

[0010] In the alternative or additionally thereto, in fleeegoing embodiment,
the selection module is configured not to seleetdbmbustion engine generator if the

fuel level is below a pre-programmed, minimum, sied.



100469INO1 (U301492IN)

[0011] In the alternative or additionally thereto, in fleeegoing embodiment,
the plurality of energy source selections includasexternal power source selection

indicative of an external power source for chardimgbattery.

[0012] In the alternative or additionally thereto, in fleeegoing embodiment,
the plurality of energy source selections includesolar energy source selection

indicative of a solar energy source for chargirglihattery.

[0013] In the alternative or additionally thereto, in fleeegoing embodiment,
the controller includes an energy source seleatmmdule configured to receive a
battery charge level signal from a battery chamygser to at least in-part determine

the selection of the plurality of energy sourcesgbn.

[0014] In the alternative or additionally thereto, in fleeegoing embodiment,
the energy source selection module is configurédmeselect the combustion engine

generator selection if the battery is fully charged

[0015] In the alternative or additionally thereto, in fleeegoing embodiment,
wherein the controller includes an energy sourdecien module configured to
receive a motion signal indicative of condenser fantion to at least in-part

determine a selection of the plurality of energyrse selections.

[0016] In the alternative or additionally thereto, in fleeegoing embodiment,
the method includes selecting one of the pluralityenergy source selections via a

manual selection switch.

[0017] In the alternative or additionally thereto, in fleeegoing embodiment,
the manual selection switch includes an automatiecion position enabling the an
energy source selectin module of the controlleseiect one of the plurality of energy

source selections base at least in-part on seirgmuy.

[0018] A method of operating a multiple energy source oftransport
refrigeration unit according to another, non-limg embodiment includes
determining if a combustion engine generator islabke to charge a battery by an

energy source selection module stored and exebytactontroller; determining if the
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transport refrigeration unit is at idle by the ayesource selection module if the
combustion engine generator is not available; Béadly switching a condenser fan
motor from receiving electrical power to a battetyarging circuit if the transport
refrigeration unit is at idle; back-driving the amnser fan motor via wind blowing
through a condenser fan; and generating electpiwaker by the condenser fan motor

to charge the battery of the transport refrigeratioit via the battery charging circuit.

[0019] A transport refrigeration unit according to anotheon-limiting,
embodiment includes a battery; a combustion engererator adapted to charge the
battery; a renewable energy source adapted to elthggbattery; a controller; a fuel
level sensor configured to output a fuel level aigio the controller; and an energy
source selection module executed by the contralher configured to select between
the combustion engine generator and the renewailasyye source based at least in-

part on the fuel level signal.

[0020] Additionally to the foregoing embodiment, the remdle energy

source is a wind energy source.

[0021] In the alternative of additionally thereto, in tteeegoing embodiment,
the wind energy source includes a condenser fammawtd a condenser fan adapted

to drive the condenser fan motor when exposed nha wi

[0022] In the alternative of additionally thereto, in tteeegoing embodiment,
the transport refrigeration unit includes a motsemsor configured to output a motion
signal indicative of rotational motion of the conder fan, wherein the energy source
selection module is configured to utilize the motgignal when selecting between the

combustion engine generator and the wind energiceou

[0023] The foregoing features and elements may be combinedarious
combinations without exclusivity, unless expresstglicated otherwise. These
features and elements as well as the operatioedherill become more apparent in
light of the following description and the accompiawgy drawings. However, it
should be understood that the following descriptimal drawings are intended to be

exemplary in nature and non-limiting.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various features will become apparent to thosdeskiin the art from
the following detailed description of the discloseoh-limiting embodiments. The

drawings that accompany the detailed descriptionbeabriefly described as follows:

[0025] FIG. 1 is a perspective view of a tractor trailgsstem having a
transport refrigeration unit (TRU) as one, non-ting, embodiment of the present

disclosure;
[0026] FIG. 2 is a schematic of the TRU,;
[0027] FIG. 3 is a schematic of a renewable, wind-enesgyrce of the TRU,;

[0028] FIG. 4 is a partial schematic of the TRU illustngtia plurality of

energy sources of the TRU configured to selecticbigrge a battery;

[0029] FIG. 5 is a front view of a manual energy sourdec®n switch of
the TRU; and

[0030] FIG. 6 is flow chart of a method of operating tHeU.
DETAILED DESCRIPTION

[0031] Referring to FIG. 1, a tractor trailer system 2Qted present disclosure
is illustrated. The tractor trailer system 20 niaglude a tractor or truck 22, a trailer
24, and a transport refrigeration unit (TRU) 26.heTtractor 22 may include an
operator's compartment or cab 28 and a combustigmne 42 which is part of the
powertrain or drive system of the tractor 22. Tiredler 24 may be coupled to the
tractor 22 and is thus pulled or propelled to dabidestinations. The trailer may
include a top wall 30, a bottom wall 32 opposeamnal space from the top wall 30,
two side walls 34 spaced from and opposed to on#gan and opposing front and
rear walls 36, 38 with the front wall 36 being @stto the tractor 22. The trailer 24
may further include doors (not shown) located at résar wall 38, or any other wall.
Together, the walls 30, 32, 34, 36, 38 define thenlaries of a cargo compartment
40. It is further contemplated and understood tiatcargo compartment may also be
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divided into two or more smaller compartments faffedent temperature cargo

requirements.

[0032] Referring to FIGS. 1 and 2, the trailer 24 is gatigrconstructed to
store a cargo (not shown) in the compartment 4fe TRU 26 is generally integrated
into the trailer 24 and may be mounted to the freall 36. The cargo is maintained
at a desired temperature by cooling of the compamnd0 via the TRU 26 that
circulates airflow into and through the cargo compant 40 of the trailer 24. 1t is
further contemplated and understood that the TRthag be applied to any transport
container and not necessarily those used in tradder systems. Furthermore, the
transport container may be the trailer 24. Altéxady, the transport container may
be constructed to be removed from a framework aneelg (not shown) of the trailer

24 for alternative shipping means (e.g., marini, fight, and others).

[0033] The components of the TRU 26 may include a compreS8, an
electric compressor motor 60, a condenser 64 thgtlm air cooled, a condenser fan
assembly 66, a receiver 68, a filter dryer 70, athexchanger 72, a thermostatic
expansion valve 74, an evaporator 76, an evapoffatorassembly 78, a suction
modulation valve 80, and a controller 82 that magiude a computer-based processor
(e.g., microprocessor). Operation of the TRU 2¢ n@st be understood by starting
at the compressor 58, where the suction gas (ayral refrigerant) enters the
compressor at a suction port 84 and is compressea higher temperature and
pressure. The refrigerant gas is emitted fromcthrapressor 58 at an outlet port 85
and may then flow into tube(s) 86 of the condelder

[0034] Air flowing across a plurality of condenser coihdi (not shown) and
the tubes 86, cools the gas to its saturation temyme. The air flow across the
condenser 64 may be facilitated by one or more 88nsf the condenser fan assembly
66. The condenser fans 88 may be driven by respecdtndenser fan motors 90 of

the fan assembly 66 that may be electric.

[0035] By removing latent heat, the gas within the tubésc8ndenses to a

high pressure and high temperature liquid and flowthe receiver 68 that provides
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storage for excess liquid refrigerant during lounperature operation. From the
receiver 68, the liquid refrigerant may pass throagsubcooler heat exchanger 92 of
the condenser 64, through the filter-dryer 70 Hesps the refrigerant clean and dry,
then to the heat exchanger 72 that increases thgerant subcooling, and finally to

the thermostatic expansion valve 74.

[0036] As the liquid refrigerant passes through the aegiof the expansion
valve 74, some of the liquid vaporizes into a gas,(flash gas). Return air from the
refrigerated space (i.e., cargo compartment 4®)<lover the heat transfer surface of
the evaporator 76. As the refrigerant flows thtougplurality of tubes 94 of the
evaporator 76, the remaining liquid refrigerantabs heat from the return air, and in

so doing, is vaporized.

[0037] The evaporator fan assembly 78 includes one or meaporator fans
96 that may be driven by respective fan motorsh@8 tay be electric. The air flow
across the evaporator 76 is facilitated by the esatpr fans 96. From the evaporator
76, the refrigerant, in vapor form, may then flowaugh the suction modulation
valve 80, and back to the compressor 58. A thetatiosexpansion valve bulb sensor
100 may be located proximate to an outlet of thegoevator tube 94. The bulb sensor
100 is intended to control the thermostatic expansialve 74, thereby controlling
refrigerant superheat at an outlet of the evapotatze 94. It is further contemplated
and understood that the above generally descrilssgée stage vapor compression
system that may be used for natural refrigeranth s propane and ammonia. Other
refrigerant systems may also be applied that useonadioxide (CO2) refrigerant,

and that may be a two-stage vapor compressionrsyste

[0038] The compressor 58 and the compressor motor 60 mdinked via an
interconnecting drive shaft 102. The compressot&8compressor motor 60 and the
drive shaft 102 may all be sealed within a commausing 104. In some
embodiments, the compressor motor 60 may be posidioutside of the compressor
housing 104, and therefore the interconnectingedskiaft 102 may pass through a
shaft seal located in the compressor housing. Timpeessor 58 may be a single

compressor. The single compressor may be a tvgestampressor, a scroll-type
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compressor or other compressors adapted to compegssal refrigerants. The
natural refrigerant may be CO2, propane, ammoniang other natural refrigerant

that may include a global-warming potential (GWPalbout one (1).

[0039] Referring to FIGS. 2 and 3, the TRU 26 further imes a multiple
energy source 50 configured to selectively power tompressor motor 60, the
condenser fan motors 90, the evaporator fan m@&®yrshe controller 82, and other
components (i.e., various solenoids and/or sensees) for example, electrical
conductors 106. The multiple energy source 50 melyde an energy storage device
52, and a generator 54 mechanically driven by abcumtion engine 56 that may be
part of, and dedicated to, the TRU 26. The enstgyage device 52 may be at least
one battery. In one embodiment, the battery 52 beagonfigured to provide direct
current (DC) electric power to one or both of thamorator and condenser fan motors
98, 90, while the generator 54 provides electimaler to the compressor motor 60.
The electric power provided to the compressor métbmay be alternating current
(AC) or DC with the associated configuration of emers and/or converters (not
shown) typically known in the art. Accordingly etitompressor motor 60 may be an
AC motor or a DC motor. The fan motors 90, 98 rhayDC motors corresponding to
the DC power provided by the battery 52. In one edibent, the energy storage
device 52 may be secured to the underside of ttterbavall 32 of the trailer 24 (see
FIG. 1). Itis further contemplated and understtuat other examples of the energy
storage device 52 may include fuel cells, and ottearsices capable of storing and

outputting DC power.

[0040] The condenser 64 is generally designed for freeflaw from the
outside of the cargo compartment 24. That is,id@tambient air may be free to flow
over or through the condenser 64 and fans 90, anthe top and/or the bottom of the
TRU 26. Such airflow may be induced by wind (sgews 105 in FIG. 3), and may
occur when the TRU 26 is not in an operationakstaid/or the TRU 26 and the cargo
container 24 is generally sitting idle (e.g., plhée a storage facility, etc.). When
sitting idle, the battery 52 may discharge overetiamd/or may become depleted by
providing low amounts of power to parasitic loadgem for example, extended
periods of time. Examples of parasitic loads maglude the controller 82 and

8
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various sensors. The controller 82 may furtheduite remote systems (e.g., a
Telematics system) configured to maintain a wirgléwo-way, communication with

a segment of the controller 82 that may be local,(proximate to the TRU 26).

[0041] Referring to FIG. 3, the multiple energy source rB@y include a
renewable energy source 107 (e.g., wind energycedtinat may utilize one or more
of the condenser fans 88 and fan motors 90 as agmer(i.e., two illustrated in FIG.
2). The condenser fan motors 90 may be induatiotors and may be AC or DC
motors (i.e., illustrated as AC motors). In thist®diment, the condenser fan motors
90 may be described as energy conversion deviazaibe they serve a dual purpose
as motors and generators; and, the associatedreserdans 88 may be described as a

plurality of airfoils because they serve a dualpmse as fans and turbines.

[0042] When the TRU 26 is operating in a normal operatstate (i.e.,
conditioning air in the cargo compartment), thergpeonversion device 90 function
as a motor and the plurality of airfoils 88 are hmatcally driven by the motor 90
thus functioning as a fan. When the TRU 26 is gaheidle and operating in a
battery charging state, the plurality of airfoil88 §unction as a turbine that
mechanically drives the energy conversion deviceh@dd acts as a generator. When
functioning as a generator, the energy conversasicd 90 produces electrical energy
that may charge the battery 52. That is, wind rdaye the airfoils 88, and the
airfoils 88 may drive the energy conversion dev@€ein a reverse direction when

compared to normal cooling operation of the TRU 26.

[0043] This renewable, wind-energy, source 107 may be tesednveniently,
and cost effectively, charge the battery 52. Tdmewable, wind-energy, source 107
may include an isolation relay 108, an excitatiapacitor, or capacitor bank, 110,
and a rectifier 112 that may be, or may be paraakgulator battery charger. The
circuit may be arranged with the isolation relay8 Hlectrically connected between
the motor(s) 90 and the excitation capacitor bab® 1The capacitor bank 110 may

be electrically connected between the isolatioay&l08 and the rectifier 112.
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[0044] When the energy conversion device 90 is being “ahtken’ by wind,
the device generates electricity by using residoagnetism in the motor rotor (not
shown) and the excitation capacitor bank 110. notlzer embodiment, a small
excitation voltage may be used. That is, a snathge may be applied to excite the
magnetic field in the motor windings thus startthg power generation once there is
rotation. If the residual magnetism is used, tled-generated voltage may be
relatively small and the capacitor bank 110 maysags boosting this voltage. If the
energy conversion device 90 is an AC motor, the pa@ier generated by the back-
driven motor, or device, 90 may be rectified by tketifier 112 to DC power and
used to recharge the battery 52. It is furthent@mplated and understood that the
energy conversion device 90 may generally be a Dffomcapable of generating
electricity when back-driven. In this embodimehie wind energy source 107 may
not require the rectifier 112 to charge the battty Instead, a voltage regulator may

be used to condition the generated electricity.

[0045] The isolation relay 108 may function to keep thenmad operating
state of the TRU 26 separate from the wind-energiyeby charging state. More
specifically, the isolation relay 108 may be iniwstf position (e.g., open position)
when the TRU 26 is in the normal operating state.,(iconditioning the air in the
cargo compartment), and may be in a second poggign, closed position) when the
TRU is in the battery charging state.

[0046] Referring again to FIG. 2, the controller 82 mayeyally control the
position of the relay 108. Alternatively, the nglgosition may be switched manually.
In another embodiment, the renewable wind-energycg107 may be independent
from the condenser fans 88 and condenser motors . example, wind-energy
source 107 may include a dedicated turbine anddicaked generator to produce
electrical power that may be used to charge théelyab2 and/or operate other
components of the TRU 26, and regardless of whdtteRU 26 is in the normal

operating state or the battery charging state.

[0047] Referring to FIG. 4, another embodiment of the TRUmay include

the controller 82 having a processor 120 (e.g.,ropiocessor) and an electronic
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storage medium 122 that may be computer writeaidereadable. The TRU 26 may
further include an energy source selection mod@i the multiple energy source 50
adapted to selectively charge the battery 52, aualeenergy source selection switch
126, and various sensors configured to generatesand sensory input signals to the

processor 120 for use by the energy source setectamule 124 when executed.

[0048] As previously described, the multiple energy sousfemay include
the combustion engine generator 54, an externabgrsmurce 128, the wind energy
source 107, and other renewable energy sourcessii8f, as for example, a solar
energy source. The external energy source 128bwuaglectric power provide by a
local utility company. More specifically, the TR26 may be plugged into a power

receptacle when the transport container is natinsport (i.e., is in storage).

[0049] The manual energy source selection switch 126 neagomfigured to
effect manual selection of one of the multitudesoérgy sources 50 used to charge
the battery 52. In one embodiment, the selectisitch may be selectively, directly,
hard wired to the energy sources 54, 107, 128, 18Canother example, the energy
source selection switch 126 may be configured tmroanicate with the energy

source selection module 124, or a combination tfere

[0050] The energy source selection module 124 may be aodtlvased, may
be stored in the electronic storage medium 122 naawl be executed by the processor
120. The selection module 124 may be configuredummatically select one or
more of the energy sources 54, 107, 128, 130 usetidarge the battery 52 under a
pre-defined, or pre-programmed, set of conditio8sch conditions may include, but
are not limited to, the charge level of the batt®®y available fuel for running the
combustion engine 56 used to drive the generatqr rétational speed of the
condenser fan 88 when the TRU 26 is at idle, swigensity of the sun, and any
variety of other conditions. Depending upon theent conditions, the energy source
selection module 124 may choose the optimal andtst efficient energy source to

charge the battery 52.
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[0051] Example of sensors generally associated with TRbditions may
include a fuel level sensor 132, an ambient lighiser 134 (i.e., solar intensity), a
speed sensor 136 indicative of fan or wind spedghttery charge sensor 138, and
others. The sensors 132, 134, 136, 138 are configto send respective sensory
signals (see arrows 140, 142, 144, 146) to thegssmr 120 for use by the energy
source selection module 124. The energy soureetimh module 124 may be pre-
programmed with a variety of parameters. For exaparameters may include a
minimum fuel level threshold or set point, a minmmspeed threshold, a minimum
light threshold, and others. The energy sourcec§ieh module 124 may include pre-
programmed algorithms used to apply the variousadgy 140, 142, 144, 146 to

achieve the most optimal and/or efficient meanshairging the battery 52.

[0052] For example, the fuel level signal 140 receivedi®gymodule 124 may
indicate of a fuel level that is below the pre-peogmed fuel level threshold. This
low level condition may influence the module 124 teuse the combustion engine
generator 54 to charge the battery 52. In anatkample, the ambient light signal
142 received by the module 124 may indicate an embight condition (i.e., night
time, or a cloudy day) that is below a pre-prograsdrambient light threshold. This
low light condition may influence the module 124t o attempt use of the solar
energy source 130 to charge the battery 52. Ithean@xample, the speed signal 144
generated by the speed sensor 144 may indicateé spieed, or fan speed, that is
below a pre-programmed speed threshold. This jpged condition may influence

the module 124 not to use the wind energy sour@e 10

[0053] Referring to FIG. 5, the manual energy sourcectiele switch 126
may include a variety of selections and/or posgiamanual chosen by a user of TRU
26. Such manual selections may generally oveusdeof the energy source selection
module 124 and/or one or more of the parameterfoasénsory input signals 140,
142, 144, 146. The displayed selections may ircladyenerator selection 148, an
external source energy selection 150, a wind ensogyce selection 152, a solar
energy source selection 154, an automatic seledtid) and others. In operation,
when the switch 126 is in the automatic selecti®@ fosition, a signal may be sent to
the processor 120 that generally enables operatiothe energy source selection

12
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module 124 (i.e., or a pre-programmed mode of dera thus applying the pre-

programmed thresholds and parameters factors. \tfeeswitch 126 is in any one of
the other selections, or positions, 148, 150, 1B, the associated, respective,
energy source 54, 128, 107, 130 may be applietidoge the battery 52 regardless of
what any number of the conditions and/or parameterg be. In one embodiment,
the selections 148, 150, 152, 154 may be appliedhbyenergy source selection
module 124 in the form of respective command sgr{ake arrows 148C, 150C,
152C, 154C in FIG. 4).

[0054] Referring to FIG. 6, a method of operating the TRUcharge the
battery 52 is illustrated. At block 200, the maths generally started. At block 202,
the module 124 may determine if the manual swit@6 is generally in-use, or
selected. If yes, and at block 204, the manuaicémi26 generally assumes manual
control or selection relative to charging the bat®2. If no, and at block 206, the

module 124 may utilize a listing of the multitudeemergy sources 54, 107, 128, 130.

[0055] Generally from the listing, and at block 208, thedule 124 may
determine if the external energy source 128 isyel and at block 204, the external

energy source 128 provide the power to chargedkterly 52.

[0056] If no and at block 210, the module 124 may deteemih the
combustion engine generator 54 is available. $famd at block 212, the module 124,
via the fuel level signal 140, may determine if thueel level is below the pre-
programmed threshold. If yes and at block 214 g#eerator 54 is not used to charge
the battery 52, and the operating logic loops kacklock 200. If no and at block
204, the generator 54 charges the battery 52.

[0057] If the combustion engine generator 54 is determim@do be available
by the module 124, and at block 216, the module rh2g determine if a renewable
energy source 107, 130 is available. If no, thetrob logic returns to block 200. If
yes and at block 218, the module 124 may deterihithe TRU 26 is in idle. If yes
and at block 220, the module 124 may send a comrsigndl to the relay 108 of the

wind energy source 107 that switches from eledtnimaver being supplied to the
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condenser fan motor 90 to a battery charging dirtil of the wind energy source
107. At block 222, the module 124 may retrievea#tdry charge status. At block
224, the module 124 may determine if the battefylly charged. If no and at block
204, the wind energy source 107 may charge theryad®. If yes and at block 226,

the module 124 may not make any selection andnetiar block 200.

[0058] Referring back to block 218, and if the TRU 26 ® at idle, the
control logic may proceed to block 228. At blo82and block 230, the module 124
may determine what other renewable energy sourgs, Golar energy source 130)
are available. If none, the control logic may retto block 200. If, for example,
more than one renewable energy source is availabteat block 232, the module 124
may determine which renewable energy source ishtamd produces the most power

via sensory signals, choose the appropriate soanceproceed to block 222.

[0059] It is contemplated and understood that the ordefoaupriority of steps
described above may be changed. For exampleabilay of the external power
source 128 may not have priority over the generadoand/or the renewable energy

sources.

[0060] Benefits and advantages of the present disclosgtedes an efficient,
cost effective, and convenient means to chargdtarpaf a TRU. By maintaining a
charged battery, robustness of the TRU and stadongfidence is improved, and

service calls are minimized.

[0061] While the present disclosure is described withresfee to the figures,
it will be understood by those skilled in the dvatt various changes may be made and
equivalents may be substituted without departimnfrthe spirit and scope of the
present disclosure. In addition, various modifmas may be applied to adapt the
teachings of the present disclosure to particultwasons, applications, and/or
materials, without departing from the essentiapscthereof. The present disclosure
is thus not limited to the particular examples Mtised herein, but includes all

embodiments falling within the scope of the appehdaims.
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What is claimed is:

1. A method of operating a multiple energy sourdeaotransport

refrigeration unit comprising:
determining the transport refrigeration unit ische;

electrically switching a condenser fan motor fraoeiving electrical power to

a battery charging circuit;

back-driving the condenser fan motor via wind blogvithrough a condenser

fan; and

generating electrical power by the condenser fatormo charge a battery of

the transport refrigeration unit via the battergigfing circuit.

2. The method set forth in claim 1, wherein a caltgr is configured to

determine if the transport refrigeration unit isdié.

3. The method set forth in claim 2, wherein an teleal relay is

controlled by the controller to electrically switthe condenser fan motor.
4. The method set forth in claim 1, further comipgs

selecting a wind energy source selection indieati’the wind energy
source, and amongst a plurality of energy sourteesens to charge the battery prior
to electrically switching the condenser fan motor.

5. The method set forth in claim 4, wherein thergity of energy source
selections includes a combustion engine genera&dectson indicative of a

combustion engine generator for charging the batter

6. The method set forth in claim 5, wherein thetaaler includes an
energy source selection module and is configuraddeive a fuel level signal from a
fuel level sensor to at least in-part determinect&n between the combustion engine

generator and the wind energy source.
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7. The method set forth in claim 6, wherein theestgbn module is
configured not to select the combustion engine geaeif the fuel level is below a

pre-programmed, minimum, threshold.

8. The method set forth in claim 4, wherein theality of energy source
selections includes an external power source sefettdicative of an external power

source for charging the battery.

9. The method set forth in claim 4, wherein theglity of energy source
selections includes a solar energy source seleirtthoative of a solar energy source

for charging the battery.

10.  The method set forth in claim 4, wherein thatagler includes an
energy source selection module configured to recei\battery charge level signal
from a battery charge sensor to at least in-pddrdene the selection of the plurality

of energy source selection.

11. The method set forth in claim 10, wherein thergy source selection
module is configured not to select the combustingiree generator selection if the

battery is fully charged.

12. The method set forth in claim 4, wherein thatadler includes an
energy source selection module configured to recaivmotion signal indicative of
condenser fan motion to at least in-part deternanselection of the plurality of

energy source selections.
13. The method set forth in claim 4, further corsing:

selecting one of the plurality of energy sourced®ns via a manual

selection switch.

14. The method set forth in claim 13, wherein trenoal selection switch
includes an automatic selection position enablihng &n energy source selectin
module of the controller to select one of the dltyaf energy source selections base

at least in-part on sensory input.
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15. A method of operating a multiple energy sounfea transport

refrigeration unit comprising:

determining if a combustion engine generator islabke to charge a battery

by an energy source selection module stored antligee: by a controller;

determining if the transport refrigeration unitasidle by the energy source

selection module if the combustion engine geneiiatoot available;

electrically switching a condenser fan motor fraueiving electrical power to

a battery charging circuit if the transport refrigggon unit is at idle;

back-driving the condenser fan motor via wind blogvthrough a condenser

fan; and

generating electrical power by the condenser fatonto charge the battery of

the transport refrigeration unit via the battergucing circuit.
16. A transport refrigeration unit comprising:
a battery;
a combustion engine generator adapted to chaegesttery;
a renewable energy source adapted to charge tlezyha
a controller;

a fuel level sensor configured to output a fuelelesignal to the

controller; and

an energy source selection module executed byctmroller and
configured to select between the combustion engeeerator and the renewable

energy source based at least in-part on the fuel fagnal.

17. The transport refrigeration unit set forth ilmim 16, wherein the

renewable energy source is a wind energy source.
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18. The transport refrigeration unit set forth iaim 17, wherein the wind
energy source includes a condenser fan motor arwhdenser fan adapted to drive

the condenser fan motor when exposed to wind.

19. The transport refrigeration unit set forth imaim 18, further

comprising:

a motion sensor configured to output a motion aigndicative of
rotational motion of the condenser fan, whereinghergy source selection module is
configured to utilize the motion signal when salegtbetween the combustion engine

generator and the wind energy source.
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