
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization I

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/095895 A2
27 June 2013 (27.06.2013) P O P C T

(51) International Patent Classification: (74) Agent: HABELT, William W.; Cantor Colburn LLP, 20
F25D 11/00 (2006.01) Church Street, 22nd Floor, Hartford, Connecticut 06103

(US).
(21) International Application Number:

PCT/US20 12/0675 13 (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

3 December 2012 (03.12.2012) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

61/577,297 19 December 201 1 (19. 12.201 1) US NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(71) Applicant: CARRIER CORPORATION [US/US]; One TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
Carrier Place, Farmington, Connecticut 06034 (US). ZM, ZW.

(72) Inventor; and (84) Designated States (unless otherwise indicated, for every
(71) Applicant (for US only): STEELE, John T. [US/US]; kind of regional protection available): ARIPO (BW, GH,

4202 New Seneca Turnpike, Marcellus, New York 13108 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued o n next page]

(54) Title: POWER SUPPLY SYSTEM FOR TRANSPORT REFRIGERATION SYSTEM

(57) Abstract: A transport refrigeration
system for controlling temperature
within a cargo box during transit in
cludes a refrigerant vapor compression
unit and a power supply system includ
ing a fossil-fueled engine and a thermo
electric generator. The thermoelectric
generator is operatively disposed in an
exhaust gas flow from the engine to
convert heat from the exhaust gas flow
into electric current. The electric cur
rent generated by the thermoelectric
generator may be supplied to a storage
battery.

<
00

© IG.



wo 2013/095895 A2 1II III II II III I I11 III I ll lll l l Mil l III i ll

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, — of inventorship (Rule 4.17(iv))
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG). Published:

Declarations under Rule 4.17: — without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

— as to applicant's entitlement to apply for and be granted
a patent (Rule 4.1 7(H))

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(Hi))



POWER SUPPLY SYSTEM FOR TRANSPORT REFRIGERATION SYSTEM

Cross-Reference to Related Application

[0001] Reference is made to and this application claims priority from and the benefit

of U.S. Provisional Application Serial No. 61/577,297, filed December 19, 2011, and entitled

POWER SUPPLY SYSTEM FOR TRANSPORT REFRIGERATION SYSTEM, which

application is incorporated herein in its entirety by reference.

Field of the Invention

[0002] This invention relates generally to transport refrigeration systems for

refrigerating perishable cargo during transit and, more particularly, to on-board power supply

systems for providing electrical power to various components of the transport refrigeration

unit.

Background of the Invention

[0003] Refrigerated trucks and trailers are commonly used to transport perishable

cargo, such as, for example, produce, meat, poultry, fish, dairy products, cut flowers, and

other fresh or frozen perishable products stowed in a temperature-controlled space,

commonly referred to as the cargo box, within the truck or trailer. In the case of refrigerated

trucks, a transport refrigeration system is mounted to the truck, typically behind the truck or

on the roof of the truck, for maintaining a controlled temperature environment within the

cargo box of the truck. In the case of refrigerated trailers, which are typically pulled behind a

tractor cab, a transport refrigeration system is mounted to the trailer, typically to the front

wall of the trailer, for maintaining a controlled temperature environment within the cargo box

of the trailer.

[0004] Conventionally, transport refrigeration systems used in connection with

refrigerated trucks and refrigerated trailers include a transport refrigeration unit having a

refrigerant compressor, a condenser with one or more associated condenser fans, an

expansion device, and an evaporator with one or more associated evaporator fans, which are

connected via appropriate refrigerant lines in a closed refrigerant flow circuit. Air or an

air/gas mixture is drawn from the interior volume of the cargo box by the evaporator fan(s)

associated with the evaporator, passed through the airside of the evaporator in heat exchange

relationship with refrigerant whereby the refrigerant absorbs heat from the air, thereby

cooling the air. The cooled air is then supplied back to the cargo box.



[0005] On commercially available transport refrigeration systems used in connection

with refrigerated trucks and refrigerated trailers, the compressor, and typically other

components of the transport refrigeration unit, must be powered during transit by a prime

mover. In the case of refrigerated trailers, the prime mover typically comprises a diesel

engine carried on and considered part of the transport refrigeration system. In mechanically

driven transport refrigeration systems the compressor is directly driven by the diesel engine,

either through a direct mechanical coupling or a belt drive, and other components, such as the

condenser fan(s) and evaporator fan(s) are belt driven. A low voltage unit battery may also

be provided to power electronic equipment, such as a system controller and other control

system components, as well as lighting associated with the transport refrigeration system. An

alternator, belt driven off the diesel engine, is typically provided for charging the low voltage

unit battery.

[0006] An all electric transport refrigeration system for refrigerated trailer application

is also commercially available through Carrier Corporation headquartered in Farmington,

Connecticut, USA. In the all electric transport refrigeration system, a prime mover, most

commonly a diesel engine, carried on and considered part of the transport refrigeration

system, drives an AC synchronous generator that generates AC power. The generated AC

power is used to power an electric compressor motor for driving the refrigerant compressor of

the transport refrigeration unit and also powering electric AC fan motors for driving the

condenser and evaporator motors and electric heaters associated with the evaporator. For

example, U.S. Pat. No. 6,223,546 discloses an all electric transport refrigeration system. A

low voltage unit battery may also be provided to power electronic equipment, such as a

system controller and other control system components, as well as lighting associated with

the transport refrigeration system.

[0007] In conventional practice, a transport refrigeration unit installed on a

refrigerated truck or trailer operates in one of a temperature pulldown mode, a temperature

maintenance mode, or a standstill mode. In the temperature pulldown mode, the refrigerant

compressor, the condenser fan(s) and the evaporator fan(s) are operating with the refrigerant

compressor generally operating at full capacity to lower the temperature within the cargo

space as rapidly as possible to a desired set point temperature appropriate for the particular

cargo stowed in the cargo space. In the temperature maintenance mode, the refrigerant

compressor, the condenser fan(s) and the evaporator fan(s) are still operating, but the

refrigerant compressor is operating at a significantly lower capacity so as to maintain the

temperature in the cargo space within a specified range of the desired set point temperature



and avoid over cooling. In the temperature maintenance mode, heaters associated with the

evaporator may also be activated as necessary to warm the air passed through the evaporators

by the evaporator fan(s) to prevent over cooling. In the standstill mode, the refrigerant

compressor and the condenser and evaporator fans are off.

[0008] Diesel engines used as prime movers on transport refrigeration systems

generally have two operating speeds, that is a high RPM speed, such as 2200 RPM, and a low

RPM speed, such as 1400 RPM. In operation, the diesel engine is operated at high speed

during temperature pulldown and other heavy refrigeration load conditions and at low speed

during the temperature maintenance mode. During standstill, the diesel engine is typically

idling at low speed. The diesel engine is generally designed to meet the power needs of the

transport refrigeration unit during operation at maximum capacity, such as during the

temperature pulldown mode, with efficient fuel consumption. Therefore, during the

temperature maintenance mode and standstill mode, the diesel engine is operating at lower

efficiency and with increased fuel consumption.

Summary of the Invention

[0009] It would be desirable to reduce the shaft horsepower demand on the engine

during operation of the transport refrigeration unit under maximum refrigeration hold

conditions.

[0010] A transport refrigeration system includes an on-board power supply system

having a fuel-fired engine and equipped with a thermoelectric generator operatively disposed

in the exhaust gas flow from the engine for generating electric current. In an aspect, the

thermoelectric generator utilizes waste heat from the engine exhaust gas flow to generate

electric current and does not impose any shaft horsepower demand on the engine. With

respect to mechanical or semi-mechanical transport refrigeration systems, the thermoelectric

generator replaces the belt driven alternator thereby reducing the shaft horsepower

requirement of the engine. With respect to all electric transport refrigeration systems, the

thermoelectric generator provides supplemental electric current which may be used to reduce

the maximum electric current output required from the engine-driven generator, thereby

reducing the maximum shaft horsepower requirement on the engine.

[0011] A method is also provided for augmenting power generation of a power supply

system of a transport refrigeration system for controlling temperature within a cargo box

during transit, the power supply system including a fossil-fueled engine. The method

includes disposing a thermoelectric generator in an exhaust gas flow from the engine, the



thermoelectric generator operative to convert heat from the exhaust gas flow into electric

current. The method may further include supplying the electric current generated by the

thermoelectric generator to a storage battery associated with the power supply system. The

method may further include selectively drawing electric current from the storage battery for

powering a fan for circulating a flow of air drawn from the cargo box and supplied back to

the cargo box when the fossil-fueled engine is not operating.

Brief Description of the Drawings

[0012] For a further understanding of the disclosure, reference will be made to the

following detailed description which is to be read in connection with the accompanying

drawing, where:

[0013] FIG. 1 is a schematic illustration of an embodiment of a mechanically driven

transport refrigeration system equipped with a power supply system having a thermoelectric

generator in accordance with the disclosure; and

[0014] FIG. 2 is a schematic illustration of an embodiment of an all electric transport

refrigeration system equipped with a power supply system having a thermoelectric generator

in accordance with the disclosure.

Detailed Description of the Invention

[0015] The transport refrigeration systems 20 depicted in FIGs. 1 and 2 include a

refrigeration unit 22, an onboard power supply system 24 that includes a fossil-fueled engine

26, typically a diesel engine, a storage battery 28 and a thermoelectric generator 30, and a

controller 70. The refrigeration unit 22 functions, under the control of the controller 70, to

establish and regulate a desired product storage temperature within a refrigerated cargo space

wherein a perishable product is stored during transport and to maintain the product storage

temperature within a specified temperature range. The refrigerated cargo space may be the

cargo box of a trailer, a truck, or an intermodal container wherein perishable cargo, such as,

for example, produce, meat, poultry, fish, dairy products, cut flowers, and other fresh or

frozen perishable cargo, is stowed for transport.

[0016] The transport refrigeration unit 22 includes a refrigerant compression device

32, a refrigerant heat rejection heat exchanger 34, an expansion device 36, and a refrigerant

heat absorption heat exchanger 38 connected in refrigerant flow communication in a closed

loop refrigerant circuit and arranged in a conventional refrigeration cycle. The refrigeration

unit 22 also includes one or more fans 40 associated with the refrigerant heat rejection heat



exchanger 34 and driven by fan motor(s) 42 mounted to shaft(s) 43, and one or more fans 44

associated with the refrigerant heat absorption heat exchanger 38 and driven by fan motor(s)

46 mounted to shaft(s) 45. The refrigeration unit 22 may also include an electric resistance

heater 48 associated with the refrigerant heat absorption heat exchanger 38. It is to be

understood that other components (not shown) may be incorporated into the refrigerant

circuit as desired, including for example, but not limited to, a suction modulation valve, a

receiver, a filter/dryer, an economizer circuit.

[0017] The refrigerant heat rejection heat exchanger 34 may, for example, comprise

one or more refrigerant conveying coiled tubes or one or more tube banks formed of a

plurality of refrigerant conveying tubes extending between respective inlet and outlet

manifolds. The fan(s) 40 are operative to pass a cooling fluid, typically ambient air, across

the tubes of the refrigerant heat rejection heat exchanger 34 to cool refrigerant vapor passing

through the tubes. The refrigerant heat rejection heat exchanger 34 may operate either as a

refrigerant condenser, such as if the refrigeration unit 22 is operating in a subcritical

refrigerant cycle or as a refrigerant gas cooler, such as if the refrigeration unit 22 is operating

in a transcritical cycle.

[0018] The refrigerant heat absorption heat exchanger 38 may, for example, also

comprise one or more refrigerant conveying coiled tubes or one or more tube banks formed

of a plurality of refrigerant conveying tubes extending between respective inlet and outlet

manifolds. The fan(s) 44 are operative to pass air drawn from the temperature controlled

cargo box across the tubes of the refrigerant heat absorption heat exchanger 38 to heat and

evaporate refrigerant liquid passing through the tubes and cool the air. The air cooled in

traversing the refrigerant heat rejection heat exchanger 38 is supplied back to the temperature

controlled cargo box. It is to be understood that the term "air" when used herein with

reference to the atmosphere within the cargo box includes mixtures of air with other gases,

such as for example, but not limited to, nitrogen or carbon dioxide, sometimes introduced

into a refrigerated cargo box for transport of perishable produce.

[0019] The refrigerant compression device 32 may comprise a single-stage or

multiple-stage compressor such as, for example, a reciprocating compressor or a scroll

compressor. The compression device 32 includes a compression mechanism 50 that includes

a shaft 52 and is configured upon rotation of the shaft 52 to compress refrigerant vapor from

a suction pressure to a discharge pressure. The controller 70 controls operation of the

compression device 32 in a manner known in the art. When a refrigeration demand exists,

such as for example to pulldown the temperature within the cargo space to establish a desired



product storage temperature or to maintain the temperature within the cargo space within a

specified tolerance of the desired temperature, the controller 70 activates the refrigerant

compression device to compress refrigerant vapor from a suction pressure to a discharge

pressure and circulate the refrigerant through the refrigerant circuit.

[0020] Referring now to FIG. 1, in a mechanically driven transport refrigeration

system such as depicted therein, the shaft of the compression device 32 is directly driven by

the engine 26 either through a direct mechanical coupling of the shaft 52 of the compression

mechanism 50 to a drive shaft 25 of the engine, or through a belt drive linkage 54, as

illustrated in FIG. 1, for transmitting torque from the engine shaft 25 to the shaft 52 of the

compression mechanism 50 of the compression device 32. In the mechanically driven

transport refrigeration system depicted in FIG. 1, the shaft 43 of the fan motor 42 operatively

associated with the condenser/gas cooler fan 40 is mechanically coupled to and driven by the

engine shaft 25 through a belt drive linkage 56, and the shaft 45 of the fan motor 46

operatively associated with the evaporator fan 44 is mechanically coupled to and driven by

the engine shaft 25 through a belt drive linkage 58. The term "belt drive linkage" is to be

understood to include not only belt drive linkages per se, but also chain drive linkages and

other equivalent mechanical torque transmitting devices.

[0021] The storage battery 28 of the power supply system 24 of the mechanically

driven transport refrigeration system depicted in FIG. 1 serves as a supply of electrical

current for powering the controller 70, as well as associated control valves, and even lighting,

particularly when the diesel engine 26 is not operating. In conventional mechanically driven

systems, an alternator may be provided for generating electrical current whenever the diesel

engine 26 was in operation. The shaft of the alternator is mechanically coupled to and driven

by the engine shaft through a belt drive linkage. The electrical current generated by the

alternator is supplied to the storage battery for charging the storage battery. Being driven by

the shaft of the diesel engine, the alternator imposes a shaft horsepower drain on the diesel

engine.

[0022] In the mechanically driven transport refrigeration system 20 disclosed herein

and depicted in FIG. 1, a thermoelectric generator 30 is provided for converting waste heat in

the exhaust gas from the diesel engine to electric current. The thermoelectric generator 30 is

operatively disposed in the exhaust gas flow path 62 from the diesel engine 26 and connected

in electrical communication with the storage battery 28. When the diesel engine is operating,

the thermoelectric generator is exposed to the hot exhaust gas flow, typically having a

temperature in the range of about 600°F to about 1000°F (about 315°C to about 538°C),



passing through the exhaust gas flow path and converts heat drawn from the hot exhaust gas

flow into electric current. The generated electric current may be supplied to the storage

battery 28, thereby eliminating the need for the alternator associated with conventional

mechanically driven transport refrigeration systems.

[0023] The specific type of thermoelectric generator 30 employed is not controlling

and it is contemplated that various types of currently commercially available thermoelectric

generators, as well as thermoelectric generators to be developed, may be utilized. The

thermoelectric generator 30 does not impose any shaft horsepower drain on the diesel engine

26. As a result, up to about 1.5 Kilowatts (about 2.0 horsepower) of engine shaft power that

would be consumed by an alternator can instead be used to meet refrigeration demand,

particularly during temperature pulldown or other high cooling demand conditions.

[0024] Referring now to FIG. 2, in the all electrically driven transport refrigeration

system 20 depicted therein, the compression device 32 is driven by an electric motor 68. In

an embodiment, the compressor motor 68 may be disposed internally within the compression

device 32 with a drive shaft interconnected with a shaft of the compression mechanism, all

sealed within a common housing of the compression device 32. Additionally, in the all

electric embodiment of the transport refrigeration system 20, both the drive motor 42 for the

fan 40 associated with the refrigerant heat rejection heat exchanger (condenser/gas cooler) 34

and the drive motor 46 for the fan 44 associated with the refrigerant heat absorption heat

exchanger (evaporator) 38 are electric motors. In the depicted embodiment, an electric

resistance heater 48 may be selectively operated by the controller 70 in response to a sensed

control temperature within the temperature controlled cargo box dropping below a preset

lower temperature limit, which may occur in a cold ambient environment. In such an event

the controller 70 activates the electric resistance heater 48 to heat air circulated over the

electric resistance heater by the fan(s) 44 associated with the refrigerant heat absorption heat

exchanger (evaporator) 38. The controller 70 may also selectively operate the electric

resistance heater 48 when it is desired to defrost the refrigerant heat absorption heat

exchanger (evaporator) 38.

[0025] The power supply system 24 for the all electric transport refrigeration system

20 disclosed herein includes an electric generator 66 driven by the diesel engine 26, a storage

battery 28 and a thermoelectric generator 30. Optionally, the transport refrigeration system 20

may be provided with a connection 72 adapted to connect to an electric power grid for

supplying grid electric power to the transport refrigeration unit 22 during periods when the

truck, trailer or container is parked, for example at an overnight truck stop or at a warehouse.



In an all electric transport refrigeration system, all of the power load demands, including but

not limited to the compressor motor 68, the fan drive motors 42 and 46, and the electric

resistance heater 48, of the transport refrigeration unit 22 may be powered exclusively by

electric power distributed through power distribution bus 74 under command of the controller

70 and supplied onboard by the electric generator 66 and the high-voltage battery 28.

[0026] The diesel engine 26 drives the electric generator 66 that generates electrical

power. The drive shaft of the diesel engine 26 drives the shaft of the electric generator 66. In

an embodiment, the electric generator 66 comprises an alternating current synchronous

generator for generating alternating current (AC) power. As some of the power load

demands may be direct current (DC) loads as opposed to alternating current (AC) loads, for

example the fan motors 42 and 46, various AC to DC converters (not shown) may be

provided as necessary. The storage battery 28 of the all electric transport refrigeration system

20 may include a high voltage pack and a low voltage power pack.

[0027] The controller 70 is configured to distribute electric power to each of the

power demands loads of the refrigeration unit 22, and to do so selectively from one or more

of the power sources. For example, when the diesel engine 26 is operating, the controller 70

may supply electric power from the electric generator 66 not only to the compressor motor

68, but also to the fan motors 42, 46 and, when appropriate, to the electric resistance heater

48. When the diesel engine 26 is not operating, the controller 70 may supply electric power

from the high voltage pack of the storage battery 28 for supplying high voltage electric power

to the fan motors 42, 46 and the electric resistance heater 48, and also electric power to the

controller 70 from the low voltage power pack of the storage battery 28.

[0028] In the all electric transport refrigeration system disclosed herein, the

thermoelectric generator 30 is utilized to convert waste heat in the exhaust gas from the diesel

engine to electric current. The thermoelectric generator 30 is operatively disposed in the

exhaust gas flow path 62 from the diesel engine 26 and connected in electrical

communication with the storage battery 28. When the diesel engine is operating, the

thermoelectric generator is exposed to the hot exhaust gas flow, typically having a

temperature in the range of about 600°F to about 1000°F (about 315°C to about 538°C),

passing through the exhaust gas flow path and converts heat drawn from the hot exhaust gas

flow into electric current that is supplied to the storage battery 28.

[0029] As in the case of the mechanically driven transport refrigeration system

disclosed herein, the specific type of thermoelectric generator 30 employed is not controlling

and it is contemplated that various types of currently commercially available thermoelectric



generators, as well as thermoelectric generators to be developed, may be utilized. The

thermoelectric generator 30 does not impose any shaft horsepower drain on the diesel engine

26. As a result, up to about 1.5 Kilowatts (about 2.0 horsepower) of engine shaft power that

would be consumed by an alternator can instead be used to meet refrigeration demand,

particularly during temperature pulldown or other high cooling demand conditions.

[0030] Synergistically, in the process of converting waste heat in the engine exhaust

gas flow to electric current, the engine exhaust gas flow is further cooled, for example by as

much as 100- 200°F (55.5-1 11°C) before being vented to the atmosphere. Positioning the

particulate filter 64 in the exhaust gas flow path 62 downstream of the thermoelectric

generator 30, such as depicted in FIG. 1, would allow for the use of a less expensive

particulate filter 64 to be employed due to the lower gas temperatures in the exhaust gas flow

path downstream of the thermoelectric generator 30. However, the particulate filter 64 may

also be positioned in the exhaust gas flow path 62 upstream of the thermoelectric generator

30, such as depicted in FIG. 2, to improve the efficiency of particulate removal due to the

higher exhaust gas temperatures upstream of the thermoelectric generator 30, provided the

particulate filet 64 is composed of material capable of exposure to the higher temperatures

without damage.

[0031] The terminology used herein is for the purpose of description, not limitation.

Specific structural and functional details disclosed herein are not to be interpreted as limiting,

but merely as basis for teaching one skilled in the art to employ the present invention. Those

skilled in the art will also recognize the equivalents that may be substituted for elements

described with reference to the exemplary embodiments disclosed herein without departing

from the scope of the present invention.

[0032] While the present invention has been particularly shown and described with

reference to the exemplary embodiments as illustrated in the drawing, it will be recognized

by those skilled in the art that various modifications may be made without departing from the

spirit and scope of the invention. Therefore, it is intended that the present disclosure not be

limited to the particular embodiment(s) disclosed as, but that the disclosure will include all

embodiments falling within the scope of the appended claims.



We Claim:

1. A transport refrigeration system for controlling temperature within a cargo box

during transit, the transport refrigeration system comprising:

a refrigerant vapor compression unit having a refrigerant compression device, a

refrigerant heat rejection heat exchanger and a refrigerant heat absorption heat exchanger

arranged in a refrigerant flow circuit according to a refrigeration cycle; and

a power supply system including a fossil-fueled engine and a thermoelectric generator

operatively disposed in an exhaust gas flow from said engine, said thermoelectric generator

operative to convert heat from the engine exhaust gas flow into electric current.

2 . The transport refrigeration system as recited in claim 1 wherein the power

supply system further comprises a storage battery system connected in electrical

communication with said thermoelectric generator for receiving the electric current from the

thermoelectric generator.

3 . The transport refrigeration system as recited in claim 2 wherein the fossil-

fueled engine comprises a diesel engine.

4 . The transport refrigeration system as recited in claim 3 for controlling

temperature within the cargo box of a refrigerated trailer unit.

5 . The transport refrigeration system as recited in claim 1 further comprising a

particulate filter disposed in the engine exhaust gas flow for removing particulate material

from the engine exhaust gas flow before the engine exhaust gas flow vents to the atmosphere.

6 . The transport refrigeration system as recited in claim 5 wherein the particulate

filter is disposed in the engine exhaust gas flow upstream of the thermoelectric generator.

7 . The transport refrigeration system as recited in claim 5 wherein the particulate

filter is disposed in the engine exhaust gas flow downstream of the thermoelectric generator.

8. The transport refrigeration system as recited in claim 1 wherein the fossil-

fueled engine drives the refrigerant compression device through a mechanical coupling.



9 . The transport refrigeration system as recited in claim 8 wherein the fossil-

fueled engine drives the refrigerant compression device through a direct shaft to shaft

mechanical coupling.

10. The transport refrigeration unit as recited in claim 8 wherein the fossil-fueled

engine drives the refrigerant compression device through a belt drive.

11. The transport refrigeration system as recited in claim 1 wherein the fossil-

fueled engine drives an electric generator for generating electric current to power a

compression device motor for driving the refrigerant compression device.

12. The transport refrigeration system as recited in claim 11 wherein the fossil-

fueled engine drives the electric generator for generating electric current to power at least one

fan motor for driving a fan associated with the refrigerant heat rejection heat exchanger and

to power at least one fan motor for driving a fan associated with the refrigerant heat

absorption heat exchanger.

13. A method for augmenting power generation of a power supply system of a

transport refrigeration system for controlling temperature within a cargo box during transit,

the power supply system including a fossil-fueled engine, the method comprising:

disposing a thermoelectric generator in an exhaust gas flow from said engine, said

thermoelectric generator operative to convert heat from the exhaust gas flow into electric

current.

14. The method as recited in claim 13 further comprising supplying the electric

current generated by said thermoelectric generator to a storage battery associated with the

power supply system.

15. The method as recited in claim 14 further comprising selectively drawing

electric current from the storage battery for powering a fan for circulating a flow of air drawn

from the cargo box and supplied back to the cargo box when the fossil-fueled engine is not

operating.
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