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(57) Abrégé/Abstract:
A dehydrating apparatus suitable for dehydrating food and other biomass products comprises a dehydrating chamber, a vacuum
assembly, a magnetron assembly, an infrared heating assembly, a heated air circulation assembly, and a controller. The
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(57) Abrégé(suite)/Abstract(continued):

magnetron assembly is electromagnetically coupled to the dehydrating chamber and is operable to transmit microwave energy into
the dehydrating chamber. The vacuum assembly is fluidly coupled to the dehydrating chamber and is operable to reduce the air
pressure within the dehydrating chamber. The infrared heating assembly is thermally coupled to the dehydrating chamber and is
operable to radiate infrared energy into the dehydrating chamber. The heated air circulation assembly is fluidly coupled to the
dehydrating chamber and is operable to circulate heated air within the dehydrating chamber. The controller is communicative with
and programmed to operate the magnetron assembly, vacuum assembly, infrared heating assembly and heated air circulation
assembly to first reduce pressure within the chamber, then simultaneously transmit microwave energy, radiate infrared energy, and
circulate heated air inside the dehydrating chamber upon specific dried product drying procedure.
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Abstract:

A dehydrating apparatus suitable for dehydrating food and other biomass products comprises a
dehydrating chamber, a vacuum assembly, a magnetron assembly, an infrared heating assembly, a
heated air circulation assembly, and a controller. The magnetron assembly is electromagnetically
coupled to the dehydrating chamber and is operable to transmit microwave energy into the
dehydrating chamber. The vacuum assembly is fluidly coupled to the dehydrating chamber and is
operable to reduce the air pressure within the dehydrating chamber. The infrared heating assembly is
thermally coupled to the dehydrating chamber and is operable to radiate infrared energy into the
dehydrating chamber. The heated air circulation assembly is fluidly coupled to the dehydrating
chamber and is operable to circulate heated air within the dehydrating chamber. The controller is
communicative with and programmed to operate the magnetron assembly, vacuum assembly,
infrared heating assembly and heated air circulation assembly to first reduce pressure within the
chamber, then simultaneously transmit microwave energy, radiate infrared energy, and circulate
heated air inside the dehydrating chamber upon specific dried product drying procedure.
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DEHYDRATING APPARATUS AND METHOD

Field

This disclosure relates generally to a dehydrating apparatus and method, suitable to dehydrate

wet products such as food and other biomasses.
Background

Dehydration as a method to preserve food and other biomass products has been practiced since
ancient times. Removing moisture impedes food from rotting by preventing microorganisms from
reproducing. Dried foods also are lighter and have less volume, which is beneficial for

transportation and storage.

Modern dehydration techniques employ machines that carry out a variety of dehydration methods,
including one or a combination of vacuum, microwave and infrared drying. Vacuum drying
involves reducing the pressure in a drying chamber to reduce the boiling set point inside a wet
material so that evaporation occurs at a lower temperature. Microwave drying uses microwaves
which penetrate the wet product and cause molecules inside the product to vibrate more quickly,
generating heat inside the product and causing the water to evaporate. Infrared drying involves
a heat transfer by radiation between a hot element and a wet product, and tends to heat the

exterior and outer portions of the product.

Microwave and infrared heat energy are directly transferred from the microwave and infrared
sources to the product to be heated without the need of an intermediate medium such as air or
water. Consequently, the air inside the drying chamber is not directly heated, and water vapour
tends to condense inside the machine. In other words, surface condensation on machine parts
tends to occur as a by-product of the drying operation. Regularly removing such condensation is
necessary to ensure effective operation of the machine and drying of the wet product. Typically,
operators will manually wipe down the inside of the machines between operations. This tends to
be tedious and time consuming, and reduces the efficiency of the drying operation.

It is therefore desirable to provide a solution to at least some of the existing challenges faced by

prior art dehydrating machines.

CA 03168505 2022-8-18



WO 2021/168550 PCT/CA2021/050206

Brief Description of Figures

Figure 1 is a top perspective view of a dehydrating apparatus according one embodiment of the

invention.

Figure 2 is a front elevation view of the dehydrating apparatus shown in Figure 1, with cover

5 panels removed.

Figure 3 is arear elevation view of the dehydrating apparatus shown in Figure 1, with cover panels

removed.

Figure 4 is a top perspective view of a dehydrating chamber and rotating tray assembly of the

dehydrating apparatus.

10 Figure 5 is a rear elevation view of the dehydrating chamber and rotating tray assembly of the
dehydrating apparatus.

Figure 6 is a top perspective view of the rotating tray assembly of the dehydrating apparatus.

Figure 7 is a flow chart of a method of operating the dehydrating apparatus to dehydrate a

biomass product.
15
Summary

According to one aspect of the invention, there is provided a biomass dehydrating apparatus
comprising a dehydrating chamber for containing a biomass product to be dehydrated, a
magnetron assembly, a vacuum assembly, an infrared heating assembly, a heated air circulation
20 assembly, and a controller. The magnetron assembly is electromagnetically coupled to the
dehydrating chamber and is operable to transmit microwave energy into the dehydrating chamber.
The vacuum assembly is fluidly coupled to the dehydrating chamber and is operable t0 reduce
the air pressure within the dehydrating chamber. The infrared heating assembly is thermally
coupled to the dehydrating chamber and is operable to radiate infrared energy into the
25 dehydrating chamber. The heated air circulation assembly is fluidly coupled to the dehydrating
chamber and is operable to circulate heated air within the dehydrating chamber. The controller is
communicative with and programmed to operate the magnetron assembly, vacuum assembly,

infrared heating assembly and heated air circulation assembly to simultaneously reduce pressure,

2
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transmit microwave energy, radiate infrared energy, and circulate heated air inside the
dehydrating chamber. The controller can select the power output of each of the magnetron
assembly, infrared heating assembly, and heated air circulation assembly so that interior and
exterior portions of the biomass product are evenly dehydrated.

The apparatus can further comprise a rotatable tray assembly inside the dehydrating chamber for
rotatably supporting the biomass product. The rotatable tray assembly can comprise multiple
vertically spaced plates, an axle connected to each plate, and a motor rotatably coupled to the
axle such that the multiple plates can be rotated.

The heated air circulation assembly can comprise at least one heating element inside the
dehydrating chamber, at least one heating pad contacting a wall of the dehydrating chamber, and
at least one fan inside the dehydrating chamber. The controller can be programmed to operate
the at least one heating pad to maintain the dehydrating wall at a selected temperature range,
and to operate the heating element and fan to heat and circulate air within the dehydrating
chamber. More particularly, the controller can be programmed to operate the at least one heating

pad to maintain temperature of the dehydrating chamber wall between 36.7°C and 41.2°C.

The vacuum assembly can comprise a vacuum pump, and the controller can be programmed to
operate the vacuum pump to reduce the pressure inside the dehydrating chamberto 0.9 ~ 1.2 psi
(6.2 — 8.3 kPa). The vacuum assembly can also comprise a pneumatic valve, and the controller
can be programmed to operate the pneumatic valve to keep the pressure of the dehydrating
chamber at a target set-point pressure.

The dehydrating chamber can comprise openings communicative with the magnetron assembly
and infrared heating assembly such that microwave and infrared energy can pass into the
dehydrating chamber. The magnetron assembly can comprise at least one magnetron and an
associated waveguide extending between the at least one magnetron and one of the openings in
the dehydrating chamber.

Temperature and pressure sensors can be coupled to the dehydrating chamber and be
communicative with the controller. A user control interface can be provided that is communicative
with the controller and is operable to manually control operation of one or more of the magnetron
assembly, vacuum assembly, infrared heating assembly, and heated air circulation assembly.

AMEND SHEET
Date Regue/Date Received 2022-03-28
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transmit microwave energy, radiate infrared energy, and circulate heated air inside the
dehydrating chamber. The controller can select the power output of each of the magnetron
assembly, infrared heating assembly, and heated air circulation assembly so that interior and

exterior portions of the biomass product are evenly dehydrated.

The apparatus can further comprise a rotatable tray assembly inside the dehydrating chamber for
rotatably supporting the biomass product. The rotatable tray assembly can comprise multiple
vertically spaced plates, an axle connected to each plate, and a motor rotatably coupled to the

axle such that the multiple plates can be rotated.

The heated air circulation assembly can comprise at least one heating element inside the
dehydrating chamber, at least one heating pad contacting a wall of the dehydrating chamber, and
at least one fan inside the dehydrating chamber. The controller can be programmed to operate
the at least one heating pad to maintain the dehydrating wall at a selected temperature range,
and to operate the heating element and fan to heat and circulate air within the dehydrating
chamber. More particularly, the controller can be programmed to operate the at least one heating

pad to maintain temperature of the dehydrating chamber wall between 36.7°C and 41.2°C.

The vacuum assembly can comprise a vacuum pump, and the controller can be programmed to
operate the vacuum pump to reduce the pressure inside the dehydrating chamber to 0.9 — 1.2
psi. The vacuum assembly can also comprise a pneumatic valve, and the controller can be
programmed to operate the pneumatic valve to keep the pressure of the dehydrating chamber at

a target set-point pressure.

The dehydrating chamber can comprise openings communicative with the magnetron assembly
and infrared heating assembly such that microwave and infrared energy can pass into the
dehydrating chamber. The magnetron assembly can comprise at least one magnetron and an
associated waveguide extending between the at least one magnetron and one of the openings in

the dehydrating chamber.

Temperature and pressure sensors can be coupled to the dehydrating chamber and be
communicative with the controller. A user control interface can be provided that is communicative
with the controller and is operable to manually control operation of one or more of the magnetron

assembly, vacuum assembly, infrared heating assembly, and heated air circulation assembly.

CA 03168505 2022-8-18
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According to another aspect of the invention, there is provided a method for dehydrating a
biomass product, comprising: placing a biomass product to be dehydrated into a dehydrating
chamber; reducing pressure inside the dehydrating chamber; then simultaneously: transmitting
microwave energy into the dehydrating chamber; radiating thermal energy into the dehydrating
5 chamber; and circulating heated air inside the dehydrating chamber. The power output of each of
the transmitting microwave energy, radiating thermal energy and circulating heated air is selected

such that the interior and exterior portions the biomass product are evenly dehydrated.

The method can further comprise one or more of: measuring the inner temperature of the biomass
product and stopping transmission of the microwave energy when the measured inner
10 temperature of the biomass product is within a target temperature range; measuring the outer
temperature of the biomass product and stopping radiation of the thermal energy when the
measured outer temperature of the biomass product is within a target temperature range;
measuring the air temperature inside the dehydrating chamber and stopping circulation of the
heated air when the measured air and dehydrating chamber’s walls temperature is within a target
15  temperature range; measuring the pressure inside the dehydrating chamber and stopping
reduction of the pressure when the measured pressure is within a target pressure range; and
measuring the moisture level of the biomass product, and stopping the dehydration method when

the measured moisture level reaches a target set-point.

The method can further comprise preheating the dehydrating chamber prior to placing the
20 biomass product inside the dehydrating chamber. The preheating can comprise circulating heated
air inside the dehydrating chamber and its walls.

Detailed Description of Embodiments

Embodiments disclosed herein relate generally to a dehydrating apparatus and method for
25 dehydrating a biomass product, wherein the biomass product is dehydrated in a pressure-reduced
dehydration chamber by simultaneously transmitting microwave energy, radiating infrared thermal
energy, and circulating heated air inside the dehydrating chamber. The transmitted microwave
energy is expected to dry the inner portion of the biomass product, the radiated infrared thermal
energy is expected to dry the surface and outer portion of the biomass product, and the circulated
30 heated air is expected to also dry the surface and outer portion of the biomass product as well as

remove or reduce moisture from the air and condensation inside the dehydrating chamber. The

4
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power output of each of the transmitting microwave energy, radiating infrared thermal energy and
circulating heated air can be selected such that the outer and inner portions of the biomass
product are evenly dehydrated. Since the inner and outer portions of the biomass product are
dried simultaneously, the overall drying time is expected to be quicker than a method which heats
the inner and outer portions sequentially, and in particular, is expected to be quicker than a drying
method that relies solely on microwave energy to dehydrate the biomass product. Consequently,
magnetrons used in embodiments of the dehydrating apparatus and method described herein are
expected to have a longer life cycle than those used in dehydrating apparatuses which do not
utilize radiating infrared energy and circulating heated air to dry the outer portions of biomass
products. Additionally, the removal or reduction of condensation inside the dehydrating chamber
by the circulating heated air is expected to contribute to faster and more uniform drying of the

biomass product.

According to one embodiment and referring to Figures 1 to 6, a dehydrating apparatus 10
comprises an enclosure 12 enclosing a dehydrating chamber 14, a magnetron assembly 16, a
vacuum assembly 18, an infrared heating assembly 20, a heated air circulation assembly 22 and
a controller 24. The dehydrating apparatus 10 can be configured to dehydrate wet biomass

products, and in particular, dehydrate food products.

As shown in Figure 1, the enclosure 14 comprises a frame 26, exterior panels 28, and an access
door 30 secured by knobs 31 which can be opened to access the inside of the dehydrating
chamber 14. A user interface 32 comprising a touchscreen display is mounted on a front of the
enclosure 12 and is electronically communicative with the controller 24, and operable to display
information as well as receive user inputs concerning the operation of the dehydrating apparatus
10.

As shown in Figures 4 and 5, the dehydrating chamber 14 comprises a top wall 34(a), bottom wall
34(b), a pair of side walls 34(c), and a back wall 34(d) that together define a housing having a
front opening; a door (not shown) covers the front opening and can seal the dehydrating chamber
14. The side walls 34(c) each comprise multiple openings 36 each communicative with a
waveguide 38 of the magnetron assembly 16 (see Figures 2 and 3). The back wall 34(d)
comprises multiple openings 40 each communicative with an infrared heater 42 of the infrared
heating assembly 20. A suitable material for the dehydrating chamber walls 34(a), 34(b), 34(c)
and 34(d) is food-grade stainless steel, in which case the walls 34(a), 34(b), 34(c), 34(d) should
be at least 8 mm thick to resist bending under vacuum.

CA 03168505 2022-8-18
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As shown in Figures 4 and 6, the dehydrating chamber 14 contains a rotating tray assembly 44
comprising multiple vertically-spaced trays 46 each for carrying food or other biomass product
(not shown). Each tray includes an outer wall to keep the biomass inside the tray. The trays can
be composed of a food-grade high density polyethylene (HDPE) material. Each tray 46 has an
axial opening (not shown), and a central drive axle 48 extends through the axial openings and is
coupled to each tray 46. The top end of the axle 48 is secured by a hub 50 mounted to the top
wall 34(a), and the bottom end of the axle is mounted to a drive motor 52 mounted underneath
the bottom wall 34(b) and which can be controlled by the controller 24 to rotate the axle 48 and
the trays 46. A plurality of vertically-extending tie rods 54 extend around the periphery of the trays
46 to provide stability to the tray assembly 44. In some embodiments, the trays can be separately
removable from the dehydrating chamber 14, and in other embodiment the entire tray assembly

44 can be removed.

Referring again to Figures 2 and 3, the magnetron assembly 16 comprises a plurality of
magnetrons 56 each with an associated waveguide 38. In this embodiment, there are six
magnetrons 56 and associated waveguides 38; however, a different number of magnetrons and
waveguides can be used depending on the design specifications of the apparatus 10. The
magnetron 56 generates microwave energy using the interaction of a stream of electrons with a
magnetic field. The magnetron 56 has a power output selected depending on the operational
specifications of the apparatus 10, for example, the magnetron 56 can be a commercially
available 3kW water-cooled magnetron. The waveguide 38 is a structure comprising a polished
inner surface and which serves to guide electromagnetic waves emitted by an associated
magnetron 56 along a transmission pathway to an associated opening 36 in the dehydrating
chamber 14. The magnetron assembly 16 further comprises a plurality of power supplies 58 each
electrically coupled to an associated magnetron 56 and configured to convert AC power to high
voltage DC power. The power supply 58 has a power output selected depending on the
operational specifications of the apparatus 10; for example, the power supply 58 can be a
commercially available 3000-4000 V unit suitable for powering a 3kW magnetron. The magnetron
assembly 16 is communicative with the controller 24, which controls the operation of the

magnetrons 56.

The vacuum assembly 18 comprises a vacuum pump 60, a hose 62 extending between the
vacuum pump 60 and air suction port (not shown) at the bottom of the dehydrating chamber 14,
and a pneumatic valve 64 on the bottom wall 34(b). The vacuum pump 60 is controlled by the

controller 24 and has an operational capacity selected based on the operational specifications of

6

CA 03168505 2022-8-18



10

15

20

25

30

PCTICA2021/050206
28 MARCH 2022 (28.03.2022)

the apparatus 10; for example, the vacuum pump 60 can be a commercially available scroll or
rotary vane pump that is operable to reduce the pressure inside the dehydrating chamber to 0.9
— 1.2 psi (6.2 — 8.3 kPa). The pneumatic valve 64 can be controlled by the controller 24 to keep
the pressure inside the dehydrating chamber 14 within a target pressure range, for example, by
opening and closing the valve 64 based on a PID control method. Using the valve 64 to regulate
the pressure inside the dehydrating chamber 14 is expected to reduce the on-off cycling frequency
of the vacuum pump 60, which should increase the life cycle of the vacuum pump 60.

The infrared heating assembly 20 comprises a plurality of infrared heaters 42 controlled by the
controller 24. In this embodiment, there are six infrared heaters 42; however, a different number
of infrared heaters 42 can be used depending on the design specifications of the apparatus 10.
For example, the infrared heaters 42 can be a commercially available 100 kW infrared lamp.

The heated air circulation assembly 22 comprises a heating element 70 mounted inside the
dehydrating chamber 14 on the bottom wall 34(b) (see Figure 4), one or more fans 71 mounted
inside the dehydrating chamber 14, and heating pads 72 mounted on the surface of the side and
back walls 34(c), 34(d). The heating element 70, fans 71 and heating pad(s) 72 are controlled by
the controller 24, which operates the heating element 70 to heat the air inside the dehydrating
chamber 14, operates the fan to circulate the heated air within the dehydrating chamber 14, and
operates the heating pad(s) to heat the dehydrating chamber walls 34(a), (b), (c), (d) to a
temperature within a selected range. For example, the heating pad(s) can be operated to heat
the walls 34(c), 34(d) to a temperature between 36.7°C and 41.2°C.

The dehydrating apparatus 14 also includes a pressure sensor 80 and plurality of temperature
sensors 82 mounted on the dehydrating chamber top and back walls 43(a), 43(d) respectively.
These sensors 80, 82 are communicative with the controller 24 and operable to measure the
temperature and pressure inside the dehydrating chamber 14. Commercially available pressure
and temperature sensors can be used, such as an absolute pressure sensor and an infrared
contactless temperature sensor. More particularly, infrared contactless sensors can be used to
measure the outer temperature of the biomass product, temperature probes can be placed inside
a tray to measure the inner temperature of the biomass product, and PT100 sensors can be used

to measure the air and surface temperature inside the dehydration chamber 14.

Referring now to Figure 7, the controller 24 is a programmable logic controller (PLC) and has a
processor and a memory having stored thereon a control program for operating the dehydrating

7
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apparatus 10 to perform a biomass dehydration operation. As noted above, the controller 24 is
communicative with the magnetron assembly 16, the vacuum assembly 18, the infrared heating
assembly 20, and the heated air circulation assembly 22, and can operate components of those
assemblies 16, 18, 20, 22 to carry out the biomass dehydration operation, as described below:

The operation starts with preheating the dehydrating chamber (step 100) wherein the controller
24 turns on the heating element 70, fan 71, and heating pad 72 (step 102). The controller 24
periodically checks the temperature sensors 82 and continues the preheating step when the
measured temperature is below a lower temperature threshold (step 106), for example below
36.2°C, and stops the preheating step (step 102) when the measured temperature is above an
upper temperature threshold (step 108), for example, above 41.7°C.

Once the preheating has been completed, the operator can place the trays 46 loaded with wet
biomass material to be dehydrated into the dehydrating chamber (step 110). The access door 30
is closed (step 112), and the operator can use the user interface 32 to instruct the controller 24 to
initiate a dehydrating operation. The controller 24 can be loaded or preloaded with a dehydrating
recipe for the wet biomass material that sets the required power levels for each of the magnetron
assembly 16, infrared heating assembly 20 and heated air circulation assembly 22 to evenly
dehydrate the interior and exterior portions of the biomass product. If such a recipe is not
available for the biomass product, then an initial dehydration operation can be performed to
determine the required power levels and create a recipe.

In this operation, the controller 24 turns on the vacuum pump 60 (step 114), checks the pressure
sensor 80 and continues operating the vacuum pump 60 when the measured pressure is above
an upper pressure threshold (step 116), for example, 1.2 psi (8.3 kPa). The controller 24 turns
off the vacuum pump 60 when the measured pressure is below a lower pressure threshold (step
118), for example, 0.9 psi (6.2 kPa). In this manner, the pressure inside the dehydrating chamber
14 is kept within a target pressure range, e.g. between 0.9 — 1.2 psi (6.2 — 8.3 kPa). The controller
continues to check the pressure sensor 80 and will turn the vacuum pump 60 back on if the
measured pressure rises above the upper pressure threshold.

Once the measured pressure is within the target pressure range, the controller 24 simultaneously
operates the magnetron assembly 16, infrared heating assembly 20 and heated air circulation
assembly 22 to dry the wet biomass product and remove moisture inside the dehydrating chamber
14. If a recipe is available, then the controller 24 sets the power levels for each of the assemblies

8
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the apparatus 10; for example, the vacuum pump 60 can be a commercially available scroll or
rotary vane pump that is operable 1o reduce the pressure inside the dehydrating chamber to 0.9
— 1.2 psi. The pneumatic valve 64 can be controlled by the controller 24 to keep the pressure
inside the dehydrating chamber 14 within a target pressure range, for example, by opening and
closing the valve 64 based on a PID control method. Using the valve 64 to regulate the pressure
inside the dehydrating chamber 14 is expected to reduce the on-off cycling frequency of the

vacuum pump 60, which should increase the life cycle of the vacuum pump 60.

The infrared heating assembly 20 comprises a plurality of infrared heaters 42 controlled by the
controller 24. In this embodiment, there are six infrared heaters 42; however, a different number
of infrared heaters 42 can be used depending on the design specifications of the apparatus 10.

For example, the infrared heaters 42 can be a commercially available 100 kW infrared lamp.

The heated air circulation assembly 22 comprises a heating element 70 mounted inside the
dehydrating chamber 14 on the bottom wall 34(b) (see Figure 4), one or more fans 71 mounted
inside the dehydrating chamber 14, and heating pads 72 mounted on the surface of the side and
back walls 34(c), 34(d). The heating element 70, fans 71 and heating pad(s) 72 are controlled by
the controller 24, which operates the heating element 70 to heat the air inside the dehydrating
chamber 14, operates the fan to circulate the heated air within the dehydrating chamber 14, and
operates the heating pad(s) to heat the dehydrating chamber walls 34(a), (b), (¢), (d) to a
temperature within a selected range. For example, the heating pad(s) can be operated to heat
the walls 34(c), 34(d) to a temperature between 36.7°C and 41.2°C.

The dehydrating apparatus 14 also includes a pressure sensor 80 and plurality of temperature
sensors 82 mounted on the dehydrating chamber top and back walls 43(a), 43(d) respectively.
These sensors 80, 82 are communicative with the controller 24 and operable to measure the
temperature and pressure inside the dehydrating chamber 14. Commercially available pressure
and temperature sensors can be used, such as an absolute pressure sensor and an infrared
contactless temperature sensor. More particularly, infrared contactless sensors can be used to
measure the outer temperature of the biomass product, temperature probes can be placed inside
a tray to measure the inner temperature of the biomass product, and PT100 sensors can be used

to measure the air and surface temperature inside the dehydration chamber 14.

Referring now to Figure 7, the controller 24 is a programmable logic controller (PLC) and has a
processor and a memory having stored thereon a control program for operating the dehydrating
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apparatus 10 to perform a biomass dehydration operation. As noted above, the controller 24 is
communicative with the magnetron assembly 16, the vacuum assembly 18, the infrared heating
assembly 20, and the heated air circulation assembly 22, and can operate components of those

assemblies 16, 18, 20, 22 to carry out the biomass dehydration operation, as described below:

The operation starts with preheating the dehydrating chamber (step 100) wherein the controller
24 turns on the heating element 70, fan 71, and heating pad 72 (step 102). The controller 24
periodically checks the temperature sensors 82 and continues the preheating step when the
measured temperature is below a lower temperature threshold (step 108), for example below
36.2°C, and stops the preheating step (step 102) when the measured temperature is above an

upper temperature threshold (step 108), for example, above 41.7°C.

Once the preheating has been completed, the operator can place the trays 46 loaded with wet
biomass material to be dehydrated into the dehydrating chamber (step 110). The access door 30
is closed (step 112), and the operator can use the user interface 32 to instruct the controller 24 to
initiate a dehydrating operation. The controller 24 can be loaded or preloaded with a dehydrating
recipe for the wet biomass material that sets the required power levels for each of the magnetron
assembly 16, infrared heating assembly 20 and heated air circulation assembly 22 to evenly
dehydrate the interior and exterior portions of the biomass product. If such a recipe is not
available for the biomass product, then an initial dehydration operation can be performed to

determine the required power levels and create a recipe.

In this operation, the controller 24 turns on the vacuum pump 60 (step 114), checks the pressure
sensor 80 and continues operating the vacuum pump 60 when the measured pressure is above
an upper pressure threshold (step 116), for example, 1.2 psi. The controller 24 turns off the
vacuum pump 60 when the measured pressure is below a lower pressure threshold (step 118),
for example, 0.9 psi. In this manner, the pressure inside the dehydrating chamber 14 is kept
within a target pressure range, e.g. between 0.9 — 1.2 psi. The controller continues to check the
pressure sensor 80 and will turn the vacuum pump 60 back on if the measured pressure rises

above the upper pressure threshold.

Once the measured pressure is within the target pressure range, the controller 24 simultaneously
operates the magnetron assembly 16, infrared heating assembly 20 and heated air circulation
assembly 22 to dry the wet biomass product and remove moisture inside the dehydrating chamber
14. If arecipe is available, then the controller 24 sets the power levels for each of the assemblies
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16, 20, 22 at the specified power levels; if no recipe is available, then the operator can set initial
power levels for each of the assemblies 16, 20, 22, which can be adjusted later if the biomass
product is not evenly dehydrated. The controller 24 then turns on the magnetrons 56 (step 120),
checks the temperature sensors 82, and continues to operate the magnetrons 56 when the
temperature of the interior portion of the biomass material is below a lower temperature threshold,
e.g. below 36.2°C (step 122). The controller 24 turns off the magnetrons 56 (step 126) when the
measured temperature is above an upper temperature threshold, e.g. above 41.7° (step 124).

The controller 24 operates the infrared heating assembly 20 by turning on the infrared heaters 42
(step 128) and checking the temperature sensors 82, and continues to operate the infrared
heaters 42 when the temperature of the outer portion of the biomass material is below a lower
temperature threshold, e.g. below 36.2°C (step 130), and turns off the infrared heaters 42 (134)
when the measured temperature is above an upper temperature threshold, e.g. above 41.7° (step
132).

The controller 24 operates the heated air circulation assembly 20 by turning on the heating
element 70, heating pads, and fan (step 136) and checking the temperature sensors 82, and
continues to operate the heating element, heating pads and fan when the air temperature inside
the dehydrating chamber is below a lower temperature threshold, e.g. below 36.2°C (step 138),
and turns off the heating element, heating pads and fan (step 142) when the measured

temperature is above an upper temperature threshold, e.q. above 41.7° (step 140).

While the magnetron assembly 16, infrared heating assembly 20 and heated air circulation
assembly 22 are operating, the controller 24 checks the moisture level and continues operation
of these assemblies 16, 20, and 22 when the measured moisture level is below a target set-point
(step 144), and stops operation when the measured moisture level is above the target set-point
(step 146). The dehydrating operation is completed and the operator can then remove the
dehydrated biomass material from the apparatus 10 (step 148) for packing (step 150).

When performing an initial dehydration operation of a biomass product without a dehydration
recipe, the controller can stop the dehydration operation, and the user can measure the moisture
levels of the interior and exterior portions of the biomass product. If the measured moisture levels
indicate that the biomass product is being dehydrated unevenly, the operator can adjust the power
settings for one or more of the magnetron assembly 16, infrared heating assembly 20, and heated
air circulation assembly 22 with the goal of more evenly dehydrating the biomass product. This
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moisture measurement and power setting adjustment can be repeated with one or more biomass
products until the dehydration operation evenly dehydrates the biomass product, and a recipe can

be created for this biomass product.

The terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting. Accordingly, as used herein, the singular forms "a", "an" and "the" are
intended to include the plural forms as well, unless the context clearly indicates otherwise. It will
be further understood that the terms '"comprises" and "comprising," when used in this
specification, specify the presence of one or more stated features, integers, steps, operations,
elements, and components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and groups. Directional terms such
as “top”, “bottom”, “upwards”, “downwards”, “vertically”, and “laterally” are used in the following
description for the purpose of providing relative reference only, and are not intended to suggest
any limitations on how any article is to be positioned during use, or to be mounted in an assembly
or relative to an environment. Additionally, the term “couple” and variants of it such as “coupled”,
“couples”, and “coupling” as used in this description are intended to include indirect and direct
connections unless otherwise indicated. For example, if a first device is coupled to a second
device, that coupling may be through a direct connection or through an indirect connection via
other devices and connections. Similarly, if the first device is communicatively coupled to the
second device, communication may be through a direct connection or through an indirect

connection via other devices and connections.

It is contemplated that any part of any aspect or embodiment discussed in this specification can
be implemented or combined with any part of any other aspect or embodiment discussed in this

specification.

The scope of the claims should not be limited by the preferred embodiments set forth in the
examples, but should be given the broadest interpretation consistent with the description as a

whole.

10
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28 MARCH 2022 (28.03.2022)

What is claimed is:

1. A biomass dehydrating apparatus comprising:

(@)

(b)

(c)

(d)

(e)

(f)

a dehydrating chamber for containing a biomass product to be dehydrated,;

a magnetron assembly electromagnetically coupled to the dehydrating chamber
and operabile to transmit microwave energy into the dehydrating chamber;

a vacuum assembly fluidly coupled to the dehydrating chamber and operable to
reduce the air pressure within the dehydrating chamber,

an infrared heating assembly thermally coupled to the dehydrating chamber and
operable to radiate infrared energy into the dehydrating chamber;

a heated air circulation assembly fluidly coupled to the dehydrating chamber and
operable to circulate heated air within the dehydrating chamber; and

a controller communicative with and programmed to operate the magnetron
assembly, vacuum assembly, infrared heating assembly and heated air circulation
assembly to reduce pressure, then simultaneously transmit microwave energy,
radiate infrared energy, and circulate heated air inside the dehydrating chamber,
wherein the power of each of the magnetron assembily, infrared heating assembly,
and heated air circulation assembly is selected so that interior and exterior portions
of the biomass product are simultaneously dehydrated.

2. The apparatus as claimed in claim 1 further comprising a rotatable tray assembly inside

the dehydrating chamber for rotatably supporting the biomass product.

3. The apparatus as claimed in claim 2 wherein the rotatable tray assembly comprises

multiple vertically spaced plates, an axle connected to each plate, and a motor rotatably

coupled to the axle such that the multiple plates can be rotated.
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10.

PCTICA2021/050206
28 MARCH 2022 (28.03.2022)

The apparatus as claimed in any one of claims 1 to 3 wherein the heated air circulation
assembly comprises at least one heating element inside the dehydrating chamber, at least
one heating pad contacting a wall of the dehydrating chamber, and at least one fan inside
the dehydrating chamber, and wherein the controller is programmed to operate the at least
one heating pad to maintain the dehydrating wall at a selected temperature range, and to
operate the heating element and fan to heat and circulate air within the dehydrating
chamber.

The apparatus as claimed in claim 4 wherein the controller is programmed to operate the
at least one heating pad to maintain temperature of the dehydrating chamber wall between
36.7°C and 41.2°C.

The apparatus as claimed in any one of claims 1 to 5 wherein the vacuum assembly
comprises a vacuum pump, and the controller is programmed to operate the vacuum
pump to reduce the pressure inside the dehydrating chamber to 0.9 — 1.2 psi (6.2 - 8.3
kPa).

The apparatus as claimed in claim 6 wherein the vacuum assembly comprises a
pneumatic valve, and the controller is programmed to operate the pneumatic valve to keep
the pressure of the dehydrating chamber at a target set-point pressure.

The apparatus as claimed in any one of claims 1 to 7 wherein the dehydrating chamber
comprises openings communicative with the magnetron assembly and infrared heating
assembly such that microwave and infrared energy can pass into the dehydrating
chamber.

The apparatus as claimed in claim 8 wherein the magnetron assembly comprises at least
one magnetron and an associated waveguide extending between the at least one
magnetron and one of the openings in the dehydrating chamber.

The apparatus as claimed in any one of claims 1 to 9 further comprising temperature and
pressure sensors coupled to the dehydrating chamber and communicative with the
controller.
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11.

12.

13.

14.

15.

PCTICA2021/050206
28 MARCH 2022 (28.03.2022)

The apparatus as claimed in any one of claims 1 to 10 further comprising a user control
interface communicative with the controller and operable to manually control operation of
one or more of the magnetron assembly, vacuum assembly, infrared heating assembly,
and heated air circulation assembly.

A method of dehydrating a biomass product, comprising:

(@) placing a biomass product to be dehydrated into a dehydrating chamber;
(b) reducing pressure inside the dehydrating chamber;

then simultaneously

(c) transmitting microwave energy into the dehydrating chamber;

(d) radiating thermal energy into the dehydrating chamber; and

(e) circulating heated air inside the dehydrating chamber;

wherein the power of each of the transmitting microwave energy, radiating thermal energy
and circulating heated air is selected such that the interior and exterior portions of the

biomass product are simultaneously dehydrated.

The method as claimed in claim 12 further comprising after (e), measuring the moisture
level of the biomass product, and stopping steps (c) to (e) when the measured moisture

level reaches a target set-point.

The method as claimed in claims 12 or 13 further comprising measuring the inner
temperature of the biomass product and stopping transmission of the microwave energy
when the measured inner temperature of the biomass product is within a target

temperature range.

The method as claimed in any one of claims 12 to 14 further comprising measuring the
outer temperature of the biomass product and stopping radiation of the thermal energy
when the measured outer temperature of the biomass product is within a target
temperature range.
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17.

18.

19.

20.

PCTICA2021/050206
28 MARCH 2022 (28.03.2022)

The method as claimed in any one of claims 12 to 15 further comprising measuring the air
and walls temperature inside the dehydrating chamber and stopping circulation of the
heated air when the measured air temperature is within a target temperature range.

The method as claimed in any one of claims 12 to 16 further comprising measuring the
pressure inside the dehydrating chamber and stopping reduction of the pressure when the
measured pressure is within a target pressure range.

The method as claimed in any one of claims 12 to 17 further comprising preheating the
dehydrating chamber prior to placing the biomass product inside the dehydrating chamber.

The method as claimed in claim 17 wherein the preheating comprising circulating heated
air inside the dehydrating chamber.

The method as claimed in any one of claims 12 to 18 further comprising heating a wall of
the dehydrating chamber to a temperature within a target temperature range.
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