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HEAT RECOVERY SYSTEM
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional Patent
Application Serial No. 61/468,793 for a HEAT RECOVERY SYSTEM, filed on March 29,
2011, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The subject invention relates to a heat recovery system for use is an oven to
recycle waste treatment air used to treat a product in process in a downstream oven zone and
create a preheating air to preheat the product in process in a preheating zone prior to entering
the downstream oven zone.

2. Description of the Prior Art

[0003] U.S. Patent No. 4,569,658 to Wiggins et al. discloses an oven system having a
baking chamber broken into a plurality of zones. Each zone includes an inlet duct 11 leading
into the zone and an outlet duct 8 leading out from the zone. The outlet duct is used to extract
exhaust gases from the associated zone and transfer them to an exhaust flue 18. The waste
heat present in the exhaust gases are used to raise the temperature of the inflowing ambient air
introduced to the inlet duct 11. A heat exchanger 14 is present to transfer heat from the
exhaust gases to the inflowing ambient air. The rate at which the ambient air is supplied and
exhaust gases are extracted may be varied to compensate for varying rates of steam along the
oven.
[0004] U.S. Patent No. 4,109,394 to Hoyt discloses an air flow system for the
treatment of particulate materials along a conveyor. The system provides for the flow of
fluidizing air to the particulate treatment zone via an array of nozzles 40 arranged to project
gaseous streams downwardly against the conveyor and a plurality of ducts 80 arranged to
project gaseous streams inwardly along the conveyor. The system includes a housing having
a conditioning plenum 48 and a main pressure plenum 46. A plurality of exhaust ports 62 are
included to exhaust gases from the system and transport the gases to a cyclone 70. The gases
from the cyclone 70 are returned to the housing through duct 72 for flow into the conditioning

plenum 48. In the conditioning plenum, the returned gases are heated or cooled as desired
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and then fed to the main pressure plenum 46 via a blower 50. The main pressure plenum 46
feeds the gases to the nozzles 40 and ducts 80 to treat the particulates along the conveyor.
The system recycles the gases within a zone.

[0005] U.S. Patent No. 5,142,794 to Meiners discloses a system for the pretreatment
of corn or other grains using the exhaust air from conventional dryer 10. Hot moist air is
exhausted from the conventional dryer and transported via a conduit 26 to a steeping
container 12 where the corn is pre-treated. The system includes a monitor device 28 to
monitor the humidity and temperature of the hot moist exhaust air in the conduit 26. The
monitor device 28 is in communication with a heater 30 which is selectively activated to
control the humidity and temperature of the exhaust air as it is transported to the steeping
container 12. The dryer 10 includes a second exhaust through which cool exhaust air from the
dryer 10 is introduced into the conduit 26. The conduit 26 feeds the conditioned exhaust air
from the dryer 10 to the steeping container 12 in order to pre-treat the com or grain in the
steeping container 12. The result is a grain with uniform moisture levels being fed from the
steeping container 12 to the dryer 10.

SUMMARY OF THE INVENTION

[0006] In the first exemplary embodiment, the subject invention provides for a heat
recovery system for use in an oven. In this exemplary embodiment, both the oven and
preheating zone may be a single pass oven. The system recycles waste treatment air used to
treat a product in process in a downstream oven zone to create a preheating air to preheat the
product in process in a preheating zone prior to entering the downstream oven zone. The
oven includes at least one oven zone having a zone inlet and a zone outlet for treating the
product in process. The zone inlet introduces treatment air having a treatment air temperature
and treatment air dew point temperature into the oven zone for treating the product in process.
The zone outlet exhausts the waste treatment air following the treatment of the product in
process. An oven duct assembly extends from the zone outlet to exhaust the waste treatment
air following the treatment of the product in process. A preheating zone is disposed upstream
of the oven zone to preheat the product in process prior to entering the at least one oven zone.
The preheating zone includes a preheating inlet for the introduction of preheating air for

preheating the product in process. The preheating air has a preheating air temperature and a
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preheating air dew point temperature. A transfer duct extends between the oven duct
assembly and the preheating zone to transfer a portion of waste treatment air from the oven
duct assembly to the preheating zone to create the preheating air to preheat additional product
in process. The preheating air preheats the product in process in the preheating zone to a
product temperature that is at least equal to the treatment air dew point temperature, thus
eliminating sweat or surface condensation on the product in process during treatment in the
downstream oven zone.

[0007] In an alternative exemplary embodiment, the system recycles treatment air
used to treat a product in process in a downstream oven zone to condition waste preheating air
for creating a preheating air to preheat the product in process in a preheating zone prior to
entering the downstream oven zone. In this exemplary embodiment, both the oven and
preheating zone are recirculated ovens. The oven includes at least one oven zone having a
zone inlet and a zone outlet for treating the product in process. The zone inlet introduces
treatment air having a treatment air temperature and treatment air dew point temperature into
the oven zone for treating the product in process. The zone outlet exhausts the waste
treatment air following the treatment of the product in process. An oven duct assembly
extends from the zone outlet to the zone inlet for exhausting the waste treatment air following
the treatment of the product in process, and conditioning the waste treatment air in the oven
duct assembly for creating new treatment air to treat additional product in process. A
preheating zone is disposed upstream of the oven zone to preheat the product in process prior
to entering the at least one oven zone. The preheating zone includes a preheating inlet for the
introduction of preheating air to preheat the product in process and a preheating outlet to
exhaust the waste preheating air following the preheating of the product in process. The
preheating air has a preheating air temperature and a preheating air dew point temperature. A
preheating duct assembly extends from the preheating outlet to the preheating inlet to exhaust
the waste preheating air from the oven following the preheating of the product in process in
the oven. The waste preheating air is conditioned or recycled in the preheating duct assembly
to create new preheating air having the preheating air temperature and the preheating air dew
point temperature. The new preheating air is introduced into the preheat zone through the

preheating inlet to preheat additional product in process. A transfer duct extends between the
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oven duct assembly and the preheating duct assembly to transfer a portion of waste treatment
air from the oven duct assembly to the preheating duct assembly to condition the waste
preheating air in the preheating duct assembly. The waste treatment air heats the waste
preheating air to create the new preheating air to preheat additional product in process. The
preheating air preheats the product in process in the preheating zone to a product temperature
that is at least equal to the treatment air dew point temperature, thus eliminating sweat or
surface condensation on the product in process during treatment in the downstream oven
zone.
[0008] The subject invention further provides for a method of recycling waste
treatment air used in a downstream oven zone of an oven to create a preheating air to preheat
a product in process prior to entering the downstream zone. The method begins by exhausting
waste treatment air through a zone outlet in the oven zone following the treatment of a
product in process. A portion of the waste treatment air is then transferred to the preheating
zone through a transfer duct that extends between the oven duct assembly and the preheating
zone. A preheating air having a preheating air temperature and a preheating air dew point
temperature is created from the portion of the waste treatment air that is transferred to the
preheating zone from the oven duct assembly to preheat additional product in process. Lastly,
the preheating air is introduced into the preheating zone through a preheating inlet to preheat
additional product in process to a product temperature that is at least equal to the treatment air
dew point temperature, thus eliminating sweat or surface condensation on the product in
process during treatment of the product in process in the downstream oven zone.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Other advantages of the present invention will be readily appreciated, as the
same becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawings wherein:
[0010] Figure 1 is a schematic of an exemplary heat recovery system according to the
subject invention;
[0011] Figure 2A is a partial top view of an exemplary multi-zone recirculated oven
and a single pass preheating zone incorporating the heat recovery system according to the

subject invention;
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[0012] Figure 2B is a partial front view of the exemplary multi-zone recirculated oven
and the single pass preheating zone incorporating the heat recovery system according to the
subject invention;
[0013] Figure 3 is a partial front view of an exemplary multi-zone recirculated oven
incorporating the heat recovery system according to the subject invention; and
[0014] Figure 4 is a partial perspective view of the multi-zone recirculated oven
incorporating the heat recovery system as shown in Figure 3.

DETAILED DESCRIPTION OF THE ENABLING EMBODIMENTS
[0015] Referring to the Figures, wherein like numerals indicate corresponding parts
throughout the several views, a heat recovery system 20 for use in an oven 22 and for
recycling treatment air used to treat a product in process in a downstream oven zone 24 to
create a preheating air for preheating the product in process in a preheating zone 26 prior to
entering the downstream oven zone 24 is generally shown.
[0016] ~ The subject invention can be used with any combination of ovens 22 and
preheating zones 26 known in the art, including any single pass or recirculated oven 22 or
preheating zone 26 known in the art. It should be noted that the preheating zone 26 may be an
oven 22 or an oven zone 24 in an oven 22. Single pass ovens 22 or preheating zones 26
include, but are not limited to direct gas fire ovens, convection ovens, hybrid ovens, indirect
gas fire ovens, and infrared ovens. Recirculated ovens 22 or preheating zones 26 may
include, but are not limited to any recirculated convection oven known in the art. While the
detailed exemplary embodiment below teaches the use of recirculated ovens for both the oven
22 and preheating zone 26, the heat recovery system 20 can be any combination of ovens 22
and preheating zones 26 known in the art. In one exemplary embodiment, both the oven 22
and preheating zone 26 can be single pass ovens. In a second embodiment as seen in Figures
1, 3 and 4, both the oven 22 and preheating zone 26 can be recirculated ovens. In another
exemplary embodiment as seen in Figure 2, one of the oven 22 and the preheating zone 26
can be a recirculated oven, with the other of the oven 22 and the preheating zone 26 being a
single pass oven.
[0017] In a first exemplary embodiment, both the at least one oven 22 and preheating

zone 26 are single pass ovens, and the heat recovery system 20 recycles the waste treatment
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air used to treat the product in process in the downstream oven zone 24 to create the
preheating air for preheating the product in process in the preheating zone 26 prior to entering
the downstream oven zone 24. The oven 22 includes at least one oven zone 24 to treat the
product in process. The oven zone 24 includes a zone inlet 32 for the introduction of the
treatment air having the treatment air temperature and the treatment air dew point temperature
to treat the product in process. The oven zone 24 further includes a zone outlet 30 to exhaust
the waste treatment air following the treatment of the product in process. The oven duct
assembly 28 extends from the zone outlet 30 to exhaust the waste treatment air following the
treatment of the product in process. The preheating zone 26 is disposed upstream of the oven
22 to preheat the product in process prior to entering the at least one oven zone 24. The
preheating zone 26 includes the preheating inlet 38 for the introduction of the preheating air
having the preheating air temperature and the preheating air dew point temperature to preheat
the product in process. The transfer duct 40 extends between the oven duct assembly 28 and
the preheating zone 26 for transferring a portion of waste treatment air from the oven duct
assembly 28 to the preheating zone 26. The preheating air is created from the waste treatment
air to preheat additional product in process prior to entering the at least one oven zone 24.
The preheating air preheats the product in process in the preheating zone 26 to a product
temperature being at least equal to the treatment air dew point temperature to eliminate
surface condensation on the product in process during treatment in the oven zone 24.

[0018] The preheating air is created from the waste treatment air to preheat additional
product in process prior to entering the at least one oven zone 24. The preheating air can be
created from the waste treatment air by conditioning the waste treatment air that is transferred
to the preheating zone 26. Conditioning of the waste treatment air includes, but is not limited
to at one of bleeding off a portion of the waste treatment air, heating the waste treatment air,
diluting the waste treatment air with ambient air or any combination thereof to achieve a
desired preheating air temperature and preheating air dew point temperature.

[0019] In a second exemplary embodiment as seen in Figures 1, 3 and 4, both the
oven 22 and preheating zone 26 can be recirculated ovens 22. The second exemplary
embodiment generally provides for a heat recovery system 20 having an oven duct assembly

28 that extends from a zone outlet 30 to a zone inlet 32 of an oven 22 to exhaust and condition
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waste treatment air following the treatment of product in process and create new treatment air
to treat additional product in process in the oven zone 24. A preheating duct assembly 34
extends from a preheating outlet 36 to a preheating inlet 38 of a preheating zone 26 to exhaust
and condition waste preheating air following the preheating of product in process and create
new preheating air to preheat additional product in process. A transfer duct 40 extends
between the duct assemblies 28, 34 to transfer a portion of waste treatment air from the oven
duct assembly 28 to the preheating duct assembly 34. The waste treatment air heats the waste
preheating air to condition and create the new preheating air. The preheating air preheats the
product in process in the preheating zone 26 to a product temperature that is at least equal to
the treatment air dew point temperature.

[0020] The heat transfer system is used to preheat and treat products in process. The
product in process may be any type of product, known in the art, that is moved through an
oven during processing. Examples include, but are not limited to, food products, such as a
particulate material that uses multi-zone ovens 22 to treat the grain based product. In
addition, the product in process may be a brick that is processed in a brick oven, or any other
type of product, known in the art, that is moved through an oven during processing. In the
exemplary embodiment, the product in process is a grain based cereal product and includes at
least one cereal grain, but the grain based cereal product may be any grain based product
known in the art. Cereal grains include, but are not limited to, rice, wheat, maize, barley, oats,
sorghum, rye and triticale. For purposes of this application, treat or treatment, can be any
oven process known in the art of baking, including but not limited to, drying, toasting,
rehydrating, fermenting and baking. The product in process may be a plurality of products in
process disposed individually along a transfer device 42 or a continuous slab of product in
process.

[0021] The heat transfer system includes a transfer device 42 that moves the product
in process in a downstream direction. The transfer device 42 may be any transfer device 42
known in the art, including, but not limited to, an oven belt, belt conveyor and roller
conveyor. In addition, the transfer device 42 may be a drop system where the product in
process is drop through the oven 22. An oven 22 having at least one longitudinally extending

oven zone 24 to treat the product in process, is disposed over the transfer device 42. The oven
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22 defines a passageway therethrough for the placement of the transfer device 42 through the
oven 22. While the exemplary embodiment discusses the use of a single oven zone 24 for
treating the product in process, a plurality of oven zones 24 may be used. The plurality of
oven zones 24 may be placed in series along the transfer device 42 and perform any treatment
process known in the art. Again, treatment can include drying, toasting, rehydrating,
fermenting and baking of the product in process.

[0022] The at least one oven zone 24 includes a zone inlet 32 for the introduction of
treatment air having a treatment air temperature and treatment air dew point temperature for
treating the product in process. The zone inlet 32 is defined in the oven zone 24 to allow for
the introduction of treatment air into the zone oven 22. A zone outlet 30 is also defined in the
oven zone 24 to allow for the waste treatment air to be exhausted following the treatment of
the product in process.

[0023] An oven duct assembly 28 extends from the zone outlet 30 to the zone inlet 32.
The oven duct assembly 28 may be any type of duct work known in the art. The oven duct
assembly 28 exhausts the waste treatment air from the oven zone 24 following the treatment
of the product in process and transfers the waste treatment air away from the zone outlet 30.
In the exemplary embodiment, the oven duct assembly 28 transfers the waste treatment air to
the zone inlet 32 to be recycled and used again as treatment air to treat the product in process.
In alternative embodiment, where the oven 22 is a single pass oven, the oven duct assembly
28 may transfer the waste treatment air away from the oven 22 and out of the facility housing
the oven 22.

[0024] In order for the waste treatment air to be reused as treatment air, the waste
treatment air may need to be conditioned. The waste treatment air may be conditioned in the
oven duct assembly 28 to create new treatment air to treat additional product in process. That
1s, the original treatment air is fed into the zone oven 22 through the zone inlet 32 at a specific
treatment air temperature and treatment air dew point temperature. After the treatment air has
treated, i.e., dried, baked, rehydrated, fermented or toasted, the product in process, the waste
treatment air is exhausted from the zone oven 22 through the zone outlet 30. This waste
treatment air has a waste treatment air temperature and waste treatment air dew point

temperature that differs from the treatment air temperature and treatment air dew point
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temperature of the original treatment air. This waste treatment air can be conditioned to
create new treatment air having the same treatment air temperature and treatment air dew
point temperature of the original treatment air to treat additional product in process.

[0025] The heat recovery system 20 may include an oven heat source 44 that is
disposed adjacent the zone inlet 32. The oven heat source 44 is a means for conditioning the
treatment air. The oven heat source 44 optionally conditions the treatment air by heating the
treatment air prior to entering the oven zone 24 to treat the product in process. In the
exemplary embodiment, the oven heat source 44 is a flame that heats the treatment air to a
specific treatment air temperature and treatment air dew point temperature. While a flame is
used in the exemplary embodiment to heat and condition the treatment air, any heat source
known in the art for generating heat and heating air may be used.

[0026] The oven duct assembly 28 may include an oven cyclone 46 that is disposed at
the zone outlet 30 to exhaust the waste treatment air following the treatment of the product in
process. In addition, at least one oven exhaust fan 48, 50 may be secured to the oven duct
assembly 28 to pull the waste treatment air from the zone outlet 30. Also, the at least one
oven exhaust fan 48, 50 may introduce ambient air to the waste treatment air to condition the
waste treatment air. The ambient air introduced into the oven duct assembly 28 dilutes the
humidity of the waste treatment air in addition to cooling the waste treatment air. In an
alternative embodiment, at least one pressure fan may be secured to the oven duct assembly
28 to pull the waste treatment air from the zone outlet 30. Also, the at least one pressure fan
may introduce ambient air to the waste treatment air to condition the waste treatment air. In a
system using the at least one pressure fan, a damper may be used to control the inlet and outlet
of waste treatment air and ambient air.

[0027] In the exemplary embodiment, the heat recovery system 20 includes a plurality
of oven exhaust fans 48, 50, and more specifically two oven exhaust fans 48, 50. Each of the
plurality of oven exhaust fans 48, 50 are capable of moving the waste treatment air from the
zone outlet 30 and introducing ambient air to the waste treatment air to condition the waste
treatment air. In the exemplary embodiment, a first oven exhaust fan 48 is disposed adjacent
the zone outlet 30 to pull the waste treatment air from the zone outlet 30. In addition, the first

oven exhaust fan 48 may introduce ambient air to the waste treatment air at the zone outlet 30
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to condition the waste treatment air. A second oven exhaust fan 50 may be disposed adjacent
the zone inlet 32. The second oven exhaust fan 50 may be used to pull the waste treatment air
through the oven duct assembly 28, to introduce ambient air to the waste treatment air to
condition the waste treatment air, introduce ambient air to the oven heat source 44, or any
combination thereof.

[{0028] To further condition the waste treatment air, the system may include an oven
exhaust flue 52 that extends from the oven duct assembly 28 to bleed off at least a portion of
the waste treatment air from the oven duct assembly 28. This controlled bleed of treatment air
acts to condition the waste treatment air in the oven duct assembly 28. The oven exhaust flue
52 may be any duct work known in the art. An oven duct regulator may be used to control the
flows of the treatment air, waste treatment air and ambient air, through, into and out the oven
duct assembly 28.

[0029] While for exemplary purposes only one oven zone 24 is discussed, the least
one oven zone 24 may be a plurality of oven zones 24 that are disposed downstream of the
preheating zone 26. Each of the plurality of oven zones 24 are similarly configured to treat
the product in process, exhaust the waste treatment air, and condition the waste treatment air
to create new treatment air for treating additional product in process.

[0030] The heat recovery system 20 further includes a longitudinally extending
preheating zone 26. The preheating zone 26 preheats the product in process prior to entering
the at least one preheating zone 26. The preheating zone 26 defines a passageway
therethrough for the placement of the transfer device 42 through the preheating zone 26. The
preheating zone 26 is disposed upstream of the at least one oven zone 24. The preheating
zone 26 may be one of the plurality of oven zones 24 of it may be a separate structure
independent of the oven 22. The preheating zone 26 defines a preheating inlet 38 to introduce
a preheating air having a preheating air temperature and preheating air dew point temperature
into the preheating zone 26. The preheating air preheats the product in process in the
preheating zone 26. The preheating zone 26 further defines a preheating outlet 36 that
exhausts the waste preheating air following the preheating of the product in process in the
preheating zone 26. The preheating air temperature is sufficient to preheat the product in

process to a product temperature that is at least equal to the treatment air due point
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temperature. These equal temperatures result in a product in process without any sweat or
surface condensation during treatment in the oven zone 24. In the exemplary embodiment,
the product temperature is greater than the treatment air due point temperature as the product
entering the oven zone 24 for treatment.

[0031] A preheating duct assembly 34 extends from the preheating outlet 36 to the
preheating inlet 38. The preheating duct assembly 34 may be any type of duct work known in
the art. The preheating duct assembly 34 exhausts the waste preheating air from the
preheating zone 26 following the preheating of the product in process and transfers the waste
preheating air away from the preheating outlet 36. In the exemplary embodiment, the
preheating duct assembly 34 transfers the waste preheating air to the preheating inlet 38 to be
recycled and used again as preheating air to preheat the product in process. In alternative
embodiment, where the preheating zone 26 is a single pass oven, the preheating duct
assembly 34 may transfer the waste preheating air away from the preheating zone 26 and out
of the facility housing the preheating zone 26.

[0032] In order for the waste preheating air to be reused as preheating air, the waste
preheating air may need to be conditioned. The waste preheating air may be conditioned in
the preheating duct assembly 34 to create new preheating air to preheat additional product in
process. That is, the original preheating air is fed into the preheating zone 26 through the
preheating inlet 38 at a specific preheating air temperature and preheating air dew point
temperature. After the preheating air has preheated the product in process, the waste
preheating air is exhausted from the preheating zone 26 through the preheating outlet 36.
This waste preheating air has a waste preheating air temperature and waste preheating air dew
point temperature that differs from the preheating air temperature and preheating air dew
point temperature of the original preheating air. This waste preheating air can be conditioned
to create new preheating air having the same preheating air temperature and preheating air
dew point temperature of the original preheating air to preheat additional product in process.
[0033] The heat recovery system 20 may include a preheating heat source 54 that is
disposed adjacent the preheating inlet 38. The preheating heat source 54 is a means for
conditioning the preheating air. The preheating heat source 54 optionally conditions the

preheating air by heating the preheating air prior to entering the preheating zone 26 to preheat
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the product in process. In the exemplary embodiment, the preheating heat source 54 is a
flame that heats the preheating air to a specific preheating air temperature and preheating air
dew point temperature. While a flame is used in the exemplary embodiment to heat and
condition the preheating air, any heat source known in the art for generating heat and heating
air may be used.

[0034] The preheating duct assembly 34 may include a preheating cyclone 56 that is
disposed at the preheating outlet 36 to exhaust the waste preheating air following the
preheating of the product in process. In addition, at least one preheating exhaust fan 58, 60
may be secured to the preheating duct assembly 34 to pull the waste preheating air from the
preheating outlet 36. Also, the least one preheating exhaust fan 58, 60 may introduce ambient
air to the waste preheating air to condition the waste preheating air. The ambient air
introduced into the preheating duct assembly 34 dilutes the humidity of the waste preheating
air in addition to cooling the waste preheating air. In an alternative embodiment, at least one
pressure fan may be secured to the preheating duct assembly 34 to pull the waste preheating
air from the preheating outlet 36. Also, the at least one pressure fan may introduce ambient
air to the waste preheating air to condition the waste preheating air. In a system using the at
least one pressure fan, a damper may be used to control the inlet and outlet of waste
preheating air and ambient air.

[0035] In the exemplary embodiment, the heat recovery system 20 includes a plurality
of preheating exhaust fans 58, 60, and more specifically two preheating exhaust fans 58, 60.
Each of the plurality of preheating exhaust fans 58, 60 are capable of moving the waste
preheating air from the preheating outlet 36 and introducing ambient air to the waste
preheating air to condition the waste preheating air. In the exemplary embodiment, a first
preheating exhaust fan 58 is disposed adjacent the preheating outlet 36 to pull the waste
preheating air from the zone outlet 30. In addition, the first preheating exhaust fan 58 may
introduce ambient air to the waste preheating air to condition the waste preheating air. A
second preheating exhaust fan 60 may be disposed adjacent the preheating inlet 38. The
second preheating exhaust fan 60 may be used to pull the waste preheating air through the

preheating duct assembly 34, to introduce ambient air to the waste preheating air to condition
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the waste preheating air, introduce ambient air to the preheating heat source 54, or any
combination thereof.

[0036] To further condition the waste preheating air, the system may include a
preheating exhaust flue 62 that extends from the preheating duct assembly 34 to bleed off at
least a portion of the waste preheating air from the preheating duct assembly 34. This
controlled bleed of preheating air acts to condition the waste preheating air in the preheating
duct assembly 34. The preheating exhaust flue 62 may be any duct work known in the art.
An exhaust duct assembly 64 may be used in the heat recovery system 20 to transfer the
controlled bleed, from both the oven exhaust flue 52 and the preheating exhaust flue 62, away
from the heat recovery system 20. The oven exhaust flue 52 extends to the exhaust duct
assembly 64 such that the exhaust duct assembly 64 receives the bleed off from at least a
portion of the waste treatment air from the oven duct assembly 28 and transfers this controlled
bleed away from the heat recovery system 20. In addition, the preheating exhaust flue 62
extends to the exhaust duct assembly 64 such that the exhaust duct assembly 64 receives the
bleed off from at least a portion of the waste preheating air from the preheating duct assembly
34 and transfers this controlled bleed away from the heat recovery system 20.

[0037] The heat recovery system 20 includes a transfer duct 40 that extends between
the oven duct assembly 28 and the preheating duct assembly 34. The transfer duct 40
transfers a portion of waste treatment air from the oven duct assembly 28 to the preheating
duct assembly 34. The transfer duct 40 may be any duct work known in the art. The transfer
duct 40 transfers a portion of the waste treatment air to the preheating duct assembly 34 to
condition the waste preheating air in the preheating duct assembly 34. This conditioning is
achieved by heating the waste preheating air with the waste treatment air. A preheating duct
regulator may be used to control the flows of the preheating air, waste preheating air, waste
treatment air and ambient air, through, into and out the preheating duct assembly 34.

[0038] As described above, while the exemplary embodiment teaches the use of
recirculated ovens 22 for both the oven 22 and preheating zone 26, the heat recovery system
20 can be any combination of ovens 22 and preheating zones 26 known in the art. In an
exemplary embodiment, both the oven 22 and preheating zone 26 can be recirculated ovens

22. In an alternative embodiment, both the oven 22 and preheating zone 26 can be single pass
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ovens 22. In another alternative embodiment as seen in Figure 2, one of the oven 22 and the
preheating zone 26 can be a recirculated oven 22 with the other of the oven 22 and the
preheating zone 26 being a single pass oven 22. In addition, the oven 22 can be a plurality of
ovens 22 or oven zones 24 with waste treatment air being recycled from at least one of the
plurality of ovens 22 or oven zones 24.

[0039] The subject invention further provides for a method of recycling waste
treatment air used in a downstream oven zone 24 of an oven 22 to create a preheating air to
preheat a product in process prior to entering the downstream oven zone 24. When the heat
recovery system 20 includes both an oven 22 and preheating zone 26 that are recirculated
ovens 22 the method of recycling waste treatment air used in a downstream oven zone 24 of
an oven 22 allows for the conditioning of the waste preheating air in an upstream preheating
zone 26. The waste preheating air is conditioned to create the preheating air that preheats the
product in process prior to entering the downstream oven zone 24. The method may begin
with the optional step of disposing the product in process on the transfer device 42 for
movement of the product in process in a downstream direction through the preheating zone 26
and the oven zone 24. The product in process is moved in the downstream direction along the
transfer device 42. The oven 22, having at least one longitudinally extending oven zone 24
that treats the product in process, along with the longitudinally extending preheating zone 26
that preheats the product in process prior to entering the at least one oven zone 24, are
disposed over the transfer device 42.

[0040] The treatment air, having the treatment air temperature and the treatment air
dew point temperature, is introduced through the zone inlet 32 in the oven zone 24 to treat the
product in process. The product in process is next treated in the at least one oven zone 24
with the treatment air. Treating of the product in process includes, but is not limited to
heating the product in process to dry, bake, rehydrate, ferment or toast the product in process.
[0041] Once the product in process has been treated, the waste treatment air is
exhausted through the zone outlet 30 in the at least one oven zone 24. In a single pass oven
22, the waste treatment air may be exhausted from the at least oven zone 24 and exhausted out
of the facility in which the at least one oven 22 is housed. In a recirculated oven 22, the zone

outlet 30 is connected to the zone inlet 32 by the oven duct assembly 28. The oven duct
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assembly 28 exhausts and transfers the waste treatment air from the zone outlet 30 to the zone
inlet 32 and may condition the waste treatment air to create new treatment air for treating
additional product in process. This exhausting of waste treatment air from the at least one
oven zone 24 may be accomplished with the at least one oven exhaust fan 48, 50 that pulls the
waste treatment air from the at least one oven zone 24 to exhaust the waste treatment air in a
single pass oven 22 or recycle a portion of the waste treatment air in a recirculated oven 22.
In the exemplary embodiment, the waste treatment air in the oven duct assembly 28 is
conditioned to create new treatment air having the treatment air temperature and the treatment
air dew point temperature. This new treatment air is used to treat additional product in
process in the oven zone 24 and is fed into the oven zone 24 via the zone inlet 32.

[0042] Prior to the treatment air entering the oven zone 24 to the treat the product in
process, the treatment air may be conditioned to achieve the desired treatment air temperature
and treatment air dew point temperature. This conditioning may be accomplished through
any number of optional steps. For example, the treatment air may be heated with the oven
heat source 44 to condition the treatment air prior to entering the oven zone 24. In addition,
ambient air may be introduced to the waste treatment air to condition the waste treatment air
and create the treatment air prior to entering the oven zone 24. Optionally, the method may
further include the step of controlling the flows of the treatment air, waste treatment air and
ambient air, through, into and out the treatment duct assembly with the treatment duct
regulator. These controlled flows further condition the waste treatment air to create the new
treatment air for treating the product in process.

[0043] Next, the preheating air having the preheating air temperature and the
preheating air dew point temperature is introduced through a preheating inlet 38 into the
preheating zone 26 to preheat the product in process. The product in process is preheated to a
product temperature that is at least equal to the treatment air dew point temperature. By
preheating the product in process to this product temperature, condensation or sweat that
forms on the product in process when the product temperature is less than the treatment air
dew point temperature is eliminated.

[0044] Once the product in process has been preheated, the waste preheating air is

exhausted through the preheating outlet 36 in the preheating zone 26. In a single pass
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preheating zone 26, the waste preheating air may be exhausted from the preheating zone 26
and exhausted out of the facility in which the preheating zone 26 is housed. In a recirculated
preheating zone 26, the preheating outlet 36 is connected to the preheating inlet 38 by the
preheating duct assembly 34. In the exemplary embodiment, the preheating outlet 36 is
connected to the preheating inlet 38 by the preheating duct assembly 34. The preheating duct
assembly 34 may exhaust and transfer the waste preheating air from the preheating outlet 36
to the preheating inlet 38 and condition the waste preheating air to create new preheating air
for preheating additional product in process. This exhausting of waste preheating air from
preheating zone 26 may be accomplished with the at least one preheating exhaust fan 58, 60
that pulls the waste preheating air from the preheating zone 26 to exhaust the waste preheating
air in a single pass preheating zone 26 or recycle a portion of the waste preheating air in a
recirculated preheating zone 26.

[0045] Prior to the preheating air entering the preheating zone 26 to the preheat the
product in process, the preheating air may be conditioned to achieve the desired preheating air
temperature and preheating air dew point temperature. This conditioning may be
accomplished through any number of optional steps. For example, the preheating air may be
heated with the preheating heat source 54 to condition the preheating air prior to entering the
preheating zone 26. The preheating air may be heated with the waste treatment air to
condition the preheating air prior to entering the preheating zone 26. In addition, ambient air
may be introduced to the waste preheating air to condition the waste preheating air and create
the preheating air prior to entering the preheating zone 26. Optionally, the method may
further include the step of controlling the flows of the preheating air, waste preheating air,
waste treatment air and ambient air, through, into and out the preheating duct assembly 34
with the preheating duct regulator. These controlled flows further condition the waste
treatment air to create the new treatment air for treating the product in process.

[0046] In the exemplary embodiment, using a recirculated oven 22 and recirculated
preheating zone 26, a portion of waste treatment air is transferred through the transfer duct 40
that extends between the oven duct assembly 28 and the preheating duct assembly 34 to heat
the waste preheating air in the preheating duct assembly 34. The waste preheating air is then

conditioned with the waste treatment air to create new preheating air. The waste preheating
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air is conditioned with the waste treatment air to create new preheating air having the
preheating air temperature and the preheating air dew point temperature.

[0047] In an alternative embodiment, using a single pass oven 22 and a single pass
preheating zone 26, the waste treatment air is exhausted through the oven duct assembly 28
and a portion of the waste treatment air is transferred through the transfer duct 40 to the
preheating zone 26. The preheating air, which is created from the waste treatment air is then
introduced into the preheating zone 26 through the preheating inlet 38 to preheat additional
product in process. The preheating air can be created from the waste treatment air by
conditioning the waste treatment air that is transferred to the preheating zone 26.
Conditioning of the waste treatment air includes, but is not limited to at one of bleeding off a
portion of the waste treatment air, heating the waste treatment air, diluting the waste treatment
air with ambient air or any combination thereof to achieve a desired preheating air
temperature and preheating air dew point temperature.

[0048] Lastly, the new preheating air is introduced into the preheating zone 26 to
preheat the product in process to a product temperature that is at least equal to the treatment
air dew point temperature, thus eliminating sweat or surface condensation on the product in
process during treatment of the product in process in the downstream oven zone 24. In the
exemplary embodiment, the product in process in the preheating zone 26 is heated with the
preheating air to a product temperature that is greater than the treatment air dew point
temperature.

[0049] As a result of the preheating, the product in process does not have any
condensation or sweat and the operating conditions in the treatment oven zones 24, i.e.,
drying, baking, rehydrating, fermenting or toasting, are modified to elevate the humidity in
these zones. The increased humidity elevates the heat transfer rate of the drying, baking,
rehydrating, fermenting or toasting air and increases the heat absorbed by the product in
process. The elevated heat transfer rate increases the capacity of the oven 22, dryer or toaster.
[0050] The foregoing invention has been described in accordance with the relevant
legal standards, thus the description is exemplary rather than limiting in nature. Variations

and modifications to the disclosed embodiment may become apparent to those skilled in the
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art and do come within the scope of the invention. Accordingly, the scope of legal protection

afforded this invention can only be determined by studying the following claims.
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CLAIMS
What is claimed:

l. A heat recovery system for use in an oven to recycle waste treatment air used
to treat a product in process in a downstream oven zone for creating a preheating air to
preheat the product in process in a preheating zone prior to entering the downstream oven
zone, comprising:

an oven having at least one oven zone for treating a product in process and
including a zone inlet for the introduction of a treatment air having a treatment air temperature
and treatment air dew point temperature for treating the product in process and a zone outlet
for exhausting the waste treatment air following the treatment of the product in process;

an oven duct assembly extending from said zone outlet for exhausting the
waste treatment air following the treatment of the product in process;

a preheating zone disposed upstream of said oven for preheating the product in
process prior to entering the at least one oven zone and including a preheating inlet for the
introduction of preheating air having a preheating air temperature and a preheating air dew
point temperature for preheating the product in process; and

a transfer duct extending between said oven duct assembly and said preheating
zone for transferring at least a portion of waste treatment air from said oven duct assembly to

said preheating zone for creating the preheating air to preheat additional product in process;

wherein the preheating air preheats the product in process in the preheating
zone to a product temperature being at least equal to the treatment air dew point temperature
for eliminating surface condensation on the product in process during treatment in said oven

zone.
2. The heat recovery system as set forth in claim 1 wherein said oven duct

assembly extends from said zone outlet to said zone inlet for exhausting the waste treatment

air following the treatment of the product in process, and wherein at least a portion of the
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waste treatment air is conditioned in said oven duct assembly for creating new treatment air to

treat additional product in process.

3. The heat recovery system as set forth in claim 2 further including at least one
oven exhaust fan being secured to said oven duct assembly for moving the waste treatment air
from said zone outlet and introducing ambient air to the waste treatment air to condition the

waste treatment air.

4. The heat recovery system as set forth in claim 3 further including a plurality of
oven exhaust fans for moving the waste treatment air from said zone outlet and for

introducing ambient air to the waste treatment air to condition the waste treatment air.

5. The heat recovery system as set forth in claim 4 further including a first oven
exhaust fan disposed adjacent said zone outlet for moving the waste treatment air from said
zone outlet and for introducing ambient air to the waste treatment air to condition the waste

treatment air.

6. The heat recovery system as set forth in claim 5 further including a second
oven exhaust fan disposed adjacent said zone inlet for moving the waste treatment air through
said oven duct assembly and for introducing ambient air to the waste treatment air to

condition the waste treatment air.

7. The heat recovery system as set forth in claim 2 further including an oven duct
regulator for controlling the flows of the treatment air, the waste treatment air and an ambient

air, through, into and out said oven duct assembly.
8. The heat recovery system as set forth in claim 1 further including an oven

exhaust flue extending from said oven duct assembly for bleeding off at least a portion of the

waste treatment air from said oven duct assembly.
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9. The heat recovery system as set forth in claim 1 wherein said preheating zone
includes a preheating outlet for exhausting the waste preheating air following the preheating

of the product in process.

10.  The heat recovery system as set forth in claim 9 further including a preheating
duct assembly extending from said preheating outlet for exhausting the waste preheating air

following the preheating of the product in process.

11.  The heat recovery system as set forth in claim 10 further including at least one
preheating exhaust fan secured to said preheating duct assembly for moving the waste

preheating air from said preheating outlet.

12.  The heat recovery system as set forth in claim 10 further including a preheating
exhaust flue extending from said preheating duct assembly for bleeding off at least a portion

of the waste preheating air from said preheating duct assembly.

13.  The heat recovery system as set forth in claim 10 wherein said preheating duct
assembly extends from said preheating outlet to said preheating inlet for recirculating the
waste preheating air following the preheating of the product in process, wherein the waste
preheating air is conditioned in said preheating duct assembly for creating a new preheating
air having the preheating air temperature and the preheating air dew point temperature to

preheat additional product in process.

14.  The heat recovery system as set forth in claim 13 wherein said transfer duct
extends between said oven duct assembly and said preheating duct assembly for transferring a
portion of the waste treatment air from said oven duct assembly to said preheating duct
assembly to condition the waste preheating air with the waste treatment air for creating the

new preheating air to preheat additional product in process.
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15.  The heat recovery system as set forth in claim 14 further including a preheating
duct regulator for controlling the flows of the preheating air, the waste preheating air, the

waste treatment air and an ambient air, through, into and out said preheating duct assembly.

16.  The heat recovery system as set forth in claim 14 further including at least one
preheating exhaust fan secured to said preheating duct assembly for moving the waste
preheating air from said preheating outlet and for introducing ambient air to the waste

preheating air to condition the waste preheating air.

17.  The heat recovery system as set forth in claim 14 further including a plurality
of preheating exhaust fans for moving the waste preheating air from said preheating outlet and

for introducing ambient air to the waste preheating air to condition the waste preheating air.

18.  The heat recovery system as set forth in claim 17 further including a first
preheating exhaust fan disposed adjacent said preheating outlet for moving the waste
preheating air from said preheating outlet and for introducing ambient air to the waste

preheating air to condition the waste preheating air.

19.  The heat recovery system as set forth in claim 18 further including a second
preheating exhaust fan disposed adjacent said preheating inlet for moving the waste
preheating air through said preheating duct assembly and for introducing ambient air to the

waste preheating air to condition the waste preheating air.

20.  The heat recovery system as set forth in claim 1 wherein the preheating air
preheats the product in process in the preheating zone to a product temperature being greater
than the treatment air dew point temperature for eliminating surface condensation on the

product in process during treatment in said oven zone.
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21.  The heat recovery system as set forth in claim 1 further including at least one
oven exhaust fan being secured to said oven duct assembly for moving the waste treatment air

from said zone outlet.

22.  The heat recovery system as set forth in claim 1 wherein treating the product in
process includes at least one of drying, baking, rehydrating, fermenting or toasting the product

in process.

23.  The heat recovery system as set forth in claim 1 wherein said at least one oven

zone is a plurality of oven zones disposed downstream of said preheating zone.

24.  The heat recovery system as set forth in claim 1 wherein both said oven and

said preheating zone are single pass ovens.

25. A heat recovery system for use in a multi-zone oven to recycle treatment air
used to treat a grain based cereal product in a downstream oven zone to condition waste
preheating air and create a preheating air for preheating the grain based cereal product in a
preheating zone prior to entering the downstream oven zone, comprising:

an oven having at least one oven zone for treating a grain based cereal product
and including a zone inlet for the introduction of a treatment air having a treatment air
temperature and treatment air dew point temperature for treating the grain based cereal
product and a zone outlet for exhausting the waste treatment air following the treatment of the
grain based cereal product; |

an oven duct assembly extending from said zone outlet to said zone inlet for
exhausting the waste treatment air following the treatment of the grain based cereal product,
wherein the waste treatment air is conditioned in said oven duct assembly for creating new
treatment air to treat additional grain based cereal product;

a preheating zone disposed upstream of said oven for preheating the grain
based cereal product prior to entering the at least one oven zone and including a preheating

inlet for the introduction of preheating air having a preheating air temperature and a
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preheating air dew point temperature for preheating the grain based cereal product and a
preheating outlet for exhausting the waste preheating air following the preheating of the grain
based cereal product;

a preheating duct assembly extending from said preheating outlet to said
preheating inlet for recirculating the waste preheating air following the preheating of the grain
based cereal product, wherein the waste preheating air is conditioned in said preheating duct
assembly for creating a new preheating air having the preheating air temperature and the
preheating air dew point temperature to preheat additional grain based cereal product; and

a transfer duct extending between said oven duct assembly and said preheating
duct assembly for transferring a portion of waste treatment air from said oven duct assembly
to said preheating duct assembly to condition the waste preheating air with the waste
treatment air for creating the new preheating air to preheat additional grain based cereal
product;

wherein the preheating air preheats the grain based cereal product in the
preheating zone to a product temperature being at least equal to the treatment air dew point
temperature for eliminating surface condensation on the grain based cereal product during

treatment in said oven zone.
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26. A method of recycling waste treatment air used in a downstream oven zone of
an oven for creating a preheating air to preheating a product in process prior to entering the
downstream zone comprising the steps of:

exhausting a waste treatment air through an oven duct assembly secured to a
zone outlet in at least one oven zone following the treatment of a product in process;

transferring a portion of the waste treatment air through a transfer duct
extending between the oven duct assembly and a preheating zone;

creating a preheating air having a preheating air temperature and a preheating
air dew point temperature from the portion of the waste treatment air transferred to the
preheating zone to preheat additional product in process; and

introducing the preheating air into the preheating zone through a preheating

inlet to preheat additional product in process.

27.  The method of recycling waste treatment air as set forth in claim 26 further
including the step of introducing a treatment air having a treatment air temperature and a
treatment air dew point temperature through a zone inlet in at least one oven zone for treating

the product in process.

28.  The method of recycling waste treatment air as set forth in claim 27 wherein
the introducing the preheating air step is further defined as introducing the preheating air into
the preheating zone through the preheating inlet to preheat the product in process to a product
temperature being at least equal to the treatment air dew point temperature for eliminating
surface condensation on the product in process during the introducing treatment air step.

29.  The method of recycling waste treatment air as set forth in claim 27 further
including the step of connecting the zone outlet to the zone inlet with the oven duct assembly
to transfer at least a portion of the waste treatment air from the zone outlet to the zone inlet
and condition the waste treatment air for creating new treatment air to treat additional product

in process.
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30.  The method of recycling waste treatment air as set forth in claim 29 further
including the step of conditioning the waste treatment air in the oven duct assembly for
creating new treatment air having the treatment air temperature and the treatment air dew

point temperature to treat additional product in process.

31.  The method of recycling waste treatment air as set forth in claim 30 further
including the step of heating the waste treatment air with an oven heat source to condition the
waste treatment air and create the new treatment air prior to entering the at least one oven

zone to treat additional product in process.

32. The method of recycling waste treatment air as set forth in claim 30 further
including the step of introducing ambient air to the waste treatment air to condition the waste
treatment air and create the new treatment air prior to entering the at least one oven zone to

treat additional product in process.

33.  The method of recycling waste treatment air as set forth in claim 32 further
including the step of controlling the flows of the treatment air, the waste treatment air and the

ambient air, through, into and out the treatment duct assembly with a treatment duct regulator.

34.  The method of recycling waste treatment air as set forth in claim 27 further
including the step of treating the product in process in the at least one oven zone with the

treatment air.

35.  The method of recycling waste treatment air as set forth in claim 34 wherein
the treating the product in process step is further defined as heating the product in process to

dry, bake, rehydrate, ferment or toast the product in process.
36.  The method of recycling waste treatment air as set forth in claim 26 further

including the step of exhausting a waste preheating air through a preheating outlet in the

preheating zone following the preheating of the product in process.
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37.  The method of recycling waste treatment air as set forth in claim 36 wherein
the exhausting a waste preheating air step is further defined as exhausting the waste

preheating air from the at least one preheating zone through a preheating duct assembly.

38.  The method of recycling waste treatment air as set forth in claim 36 further
including the step of connecting the preheating outlet to the preheating inlet with a preheating
duct assembly to transfer at least a portion of the waste preheating air from the preheating
outlet to the preheating inlet and condition the waste preheating air for creating new

preheating air to preheat additional product in process.

39.  The method of recycling waste treatment air as set forth in claim 38 wherein
the transferring step is further defined as transferring a portion of waste treatment air through
a transfer duct extending between the oven duct assembly and the preheating duct assembly
for conditioning the waste preheating air in the preheating duct assembly to create new

preheating air to preheat additional product in process.

40.  The method of recycling waste treatment air as set forth in claim 38 further
including the step of introducing ambient air to the waste preheating air to condition the waste
preheating air and create the new preheating air prior to entering the preheating zone to

preheat additional product in process.

41.  The method of recycling waste treatment air as set forth in claim 40 further
including the step of controlling the flows of the preheating air, the waste preheating air, the
waste treatment air and the ambient air, through, into and out the preheating duct assembly

with a preheating duct regulator.

42.  The method of recycling waste treatment air as set forth in claim 26 further

including the step of preheating the product in process in the preheating zone with the
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preheating air for eliminating surface condensation on the product in process during treatment

in the at least one oven zone.

43.  The method of recycling waste treatment air as set forth in claim 42 wherein
the preheating the product in process step is further defined as preheating the product in
process in the preheating zone with the preheating air to a product temperature at least equal
to the treatment air dew point temperature for eliminating surface condensation on the product

in process during treatment in the at least one oven zone.

44.  The method of recycling waste treatment air as set forth in claim 43 wherein
the preheating the product in process step is further defined as heating the product in process
in the preheating zone with the preheating air to a product temperature being greater than the
treatment air dew point temperature for eliminating surface condensation on the product in

process during treatment in the at least one oven zone.
45.  The method of recycling waste treatment air as set forth in claim 26 further

including the step of moving the product in process in the downstream direction along a

transfer device through the at least one oven zone and preheating zone.
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AMENDED CLAIMS
received by the International Bureau on 28 August 2012 (28.08.2012)

What is claimed is:

1. A heat recovery system for use in an oven to recycle waste treatment air used to
treat a product in process in a downstream oven zone for creating a preheating air to preheat the
product in process in a preheating zone prior to entering the downstream oven zone, comprising:

an oven having at least one oven zone for treating a product in process and
including a zone inlet for the introduction of a treatment air having a treatment air temperature
and treatment air dew point temperature for treating the product in process and a zone outlet for
exhausting the waste treatment air following the treatment of the product in process;

an oven duct assembly extending from said zone outlet for exhausting receiving
the exhausted waste treatment air following the treatment of the product in process from said
zone outlet;

a preheating zone disposed upstream of said oven for preheating the product in
process prior to entering the at least one oven zone and including a preheating inlet for the
introduction of with preheating air having a preheating air temperature and a preheating air dew
point temperature for preheating the product in process; and;

a transfer duct extending between said oven duct assembly and said preheating
zone for transferring at least a portion of the waste treatment air from said oven duct assembly to
said preheating zone for creating the preheating air to preheat additional product in process; and

wherein the preheating air preheats the product in process in the preheating zone
to a product temperature being at least equal to the treatment air dew point temperature for

eliminating surface condensation on the product in process during treatment in said oven zone.
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at least one conditioning unit in fluid communication with one of said transfer
duct or said oven duct assembly for conditioning the waste air treatment prior to transfer to said

preheating zone.

2. The heat recovery system as set forth in claim 1 wherein said preheating zone
includes a preheating inlet for receiving the conditioned waste air treatment and wherein said
oven duct assembly extends from said zone outlet to said zone inlet for exhausting the waste
treatment air following the treatment of the product in process, and wherein at least a portion of
the waste treatment air is conditioned in said oven duct assembly for creating new treatment air

to treat additional product in process.

3. The heat recovery system as set forth in claim 2 further including wherein said at
least one conditioning unit includes at least one oven exhaust fan being secured to said oven duct
assembly for moving the waste treatment air from said zone outlet and introducing ambient air to

the waste treatment air to condition the waste treatment air.

4. The heat recovery system as set forth in claim 3 further including a plurality of
oven exhaust fans for moving the waste treatment air from said zone outlet and for introducing

ambient air to the waste treatment air to condition the waste treatment air.

5. The heat recovery system as set forth in claim 4 further including wherein said

least one conditioning unit includes a first oven exhaust fan disposed adjacent said zone outlet
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for moving the waste treatment air from said zone outlet and for introducing ambient air to the

waste treatment air to condition the waste treatment air.

6. The heat recovery system as set forth in claim 5 further including a second oven
exhaust fan disposed adjacent said zone inlet for moving the waste treatment air through said
oven duct assembly and for introducing ambient air to the waste treatment air to condition the

waste treatment air.

7. The heat recovery system as set forth in claim 2 further including wherein said at
least one conditioning unit includes an oven duct regulator for controlling the flows of the
treatment air, the waste treatment air and an ambient air, through, into and out said oven duct

assembly.

8. The heat recovery system as set forth in claim 1 further including wherein said at
least one conditioning unit includes an oven exhaust flue extending from said oven duct
assembly for bleeding off at least a portion of the waste treatment air from said oven duct

assembly.

9. The heat recovery system as set forth in claim 1 wherein said preheating zone
includes a preheating outlet for exhausting the waste preheating air following the preheating of

the product in process.
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10.  The heat recovery system as set forth in claim 9 further including a preheating
duct assembly extending from said preheating outlet for exhausting the waste preheating air

following the preheating of the product in process.
11. (CANCELLED)
12. (CANCELLED)

13.  The heat recovery system as set forth in claim 10 wherein said preheating duct
assembly extends from said preheating outlet to said preheating inlet for recirculating the waste
preheating air following the preheating of the product in process, wherein the waste preheating
air is conditioned in said preheating duct assembly for creating a new preheating air having the
preheating air temperature and the preheating air dew point temperature to preheat additional

product in process.

14.  The heat recovery system as set forth in claim 13 wherein said transfer duct
extends between said oven duct assembly and said preheating duct assembly for transferring a
portion of the waste treatment air from said oven duct assembly to said preheating duct assembly
to condition the waste preheating air with the waste treatment air for creating the new preheating

air to preheat additional product in process.

15. (CANCELLED)
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16. (CANCELLED)

17. (CANCELLED)

18. (CANCELLED)

19. (CANCELLED)

20.  The heat recovery system as set forth in claim 1 wherein the preheating air
preheats the product in process in the preheating zone to a product temperature being greater

than at least equal to the treatment air dew point temperature for eliminating surface

condensation on the product in process during treatment in said oven zone.

21. (CANCELLED)

22, The heat recovery system as set forth in claim 1 wherein treating the product in
process includes at least one of drying, baking, rehydrating, fermenting or toasting the product in

process.

23.  The heat recovery system as set forth in claim 1 wherein said at least one oven

zone is a plurality of oven zones disposed downstream of said preheating zone.
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24.  The heat recovery system as set forth in claim 1 wherein both said oven and said

preheating zone are single pass ovens.
25. (CANCELLED)

26. A method of recyciing waste treatment air used in a downstream oven zone of an
oven for creating a preheating air to preheating a product in process prior to entering the
downstream zone comprising the steps of:

exhausting a waste treatment air through an oven duct assembly secured to a zone
outlet in at least one oven zone following the treatment of a product in process;

transferring a portion of the waste treatment air through a transfer duct extending
between the oven duct assembly and a preheating zone;

creating conditioning the waste treatment air to create a preheating air having a
preheating air temperature and a preheating air dew point temperature from the portion of the
waste treatment air transferred to the preheating zone to preheat additional product in process;

and
introducing the preheating air into the preheating zone through a preheating inlet

to preheat additional product in process.

27.  The method of recycling waste treatment air as set forth in claim 26 further
including the step of introducing a treatment air having a treatment air temperature and a
treatment air dew point temperature into the oven zone through a zone inlet in at least one oven

zone for treating the product in process.
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28.  The method of recycling waste treatment air as set forth in claiﬁl 27 wherein the
introducing the preheating air step is further defined as introducing the preheating air into the
preheating zone through the preheating inlet to prehegt further includingthe step of preheating
the product in process to a product temperature being at least equal to the treatment air dew point
temperature of the treatment air in the oven zone for eliminating surface condensation on the

product in process during the introducing treatment air step.

29.  The method of recycling waste treatment air as set forth in claim 27 further
including the step of connecting the zone outlet to the zone inlet with the oven duct assembly to
transfer at least a portion of the waste treatment air from the zone outlet to the zone inlet and
condition the waste treatment air for creating new treatment air to treat additional product in

process.

30. The method of recycling waste treatment air as set forth in claim 29 further
including the step of conditioning the waste treatment air in the oven duct assembly for creating
new treatment air having the treatment air temperature and the treatment air dew point

temperature to treat additional product in process.

31.  The method of recycling waste treatment air as set forth in claim 30 wherein the
step of conditioning the waste treatment air is further defined by further including the step of

heating the waste treatment air with an oven heat source to condition the waste treatment air and
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create the new treatment air prior to entering the at least one oven zone to treat additional

product in process.

32.  The method of recycling waste treatment air as set forth in claim 30 wherein the
step of conditioning the waste treatment air is further defined by fusther including the step of
introducing ambient air to the waste treatment air to condition the waste treatment air and create
the new treatment air prior to entering the at least one oven zone to treat additional product in

process.

33.  The method of recycling waste treatment air as set forth in claim 32 wherein the
step of introducing ambient air is further including defined by the step of controlling the flows of
the treatment air, the waste treatment air and the ambient air, through, into and out the treatment

duct assembly with a treatment duct regulator.

34.  The method of recycling waste treatment air as set forth in claim 27 further
including the step of treating the product in process in the at least one oven zone with the

treatment air.

35.  The method of recycling waste treatment air as set forth in claim 34 wherein the
treating the product in process step is further defined as heating the product in process to dry,

bake, rehydrate, ferment or toast the product in process.
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36.  The method of recycling waste treatment air as set forth in claim 26 further
including the step of exhausting a waste preheating air through a preheating outlet in the

preheating zone following the preheating of the product in process.

37.  The method of recycling waste treatment air as set forth in claim 36 wherein the
exhausting a waste preheating air step is further defined as exhausting the waste preheating air

from the at least one preheating zone through a preheating duct assembly.

38.  The method of recycling waste treatment air as set forth in claim 36 further
including the step of connecting the preheating outlet to the preheating inlet with a preheating
duct assembly to transfer at least a portion of the waste preheating air from the preheating outlet
to the preheating inlet, and condition conditioning the waste preheating air for creating new

preheating air to preheat additional product in process.

39. The method of recycling waste treatment air as set forth in claim 38 wherein the
transferring step is further defined as transferring a portion of waste treatment air through a
transfer duct extending between the oven duct assembly and the preheating duct assembly for
conditioning the waste preheating air in the preheating duct assembly to create new preheating

air to preheat additional product in process.

40.  The method of recycling waste treatment air as set forth in claim 38 wherein the
step of conditioning the waste preheating air is further including the step of defined by

introducing ambient air to the waste preheating air to condition the waste preheating air and
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create the new preheating air prior to entering the preheating zone to preheat additional product

in process.

4]1. The method of recycling waste treatment air as set forth in claim 40 further
including the step of controlling the flows of the preheating air, the waste preheating air, the
waste treatment air and the ambient air, through, into and out the preheating duct assembly with

a preheating duct regulator.

42. (CANCELLED)

43. (CANCELLED)

44.  The method of recycling waste treatment air as set forth in claim 43 28 wherein
the preheating the product in process step is further defined as heating the product in process in
the preheating zone with the preheating air to a product temperature being greater than the
treatment air dew point temperature for eliminating surface condensation on the product in

process during treatment in the at least one oven zone.

45, The method of recycling waste treatment air as set forth in claim 26 further
including the step of moving the product in process in the downstream direction along a transfer

device through the preheating zone and the at least one oven zone and preheating zone.
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STATEMENT UNDER ARTICLE 19(1)

Applicants have amended Claims 1-3, 5, 7, 8, 20, 26-33, 38-40, 44 and 45 and cancelled
Claims 11, 12, 15-19, 21, 25, 42 and 43. It is submitted that the amendments to the claims have
antecedent basis in the application as filed and, as amended, are novel and involve an inventive

step over the documents cited in the International Search Report. Further and favorable

consideration of the subject application is hereby requested.

Should the Authorized Officer have any questions or wish to further discuss this matter, it

is requested that the undersigned attorney be contacted at (248) 433-7529.

Date:_August 28. 2012

Dickinson Wright PLLC
2600 West Big Beaver Road
Suite 300

Troy, MI 48084-3312
Phone: 248-433-7529

Fax: 248-433-7274

BJS/med
Enclosures

BLOQOMFIELD 67500001292
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Respectfully submitted,

DICKINSON WRIGHT PLLC
Attorneys for Applicant(s)

By:

/Bryan J. Schomer/

~ Bryan J. Schomer
Reg. No. 67,752
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