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A radiofrequency heating system and methods for processing agricultural products are provided herein. The method may include
positioning an agricultural product between two electrode gssemblies of a radiofrequency (RF) circuit, closing the RF circuit, and
heating the agricultural product to a threshold temperature in greater than a threshold amount of time.
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PROCESSING OF AGRICULTURAL PRODUCTS USING RADIOFREQUENCY

BACKGROUND/SUMMARY

[0001] There are many challenges presented in the agricultural industry with regards to
maintaining the integrity of an agricultural product, such as an agricultural plant product. As one
example, the presence of mold or yeast may cause spoilage or degradation of agricultural plant
products, for example leafy vegetables and herbs, reducing a shelf life and causing degradation
of the agricultural plant products. Further, certain agricultural plant products, such as cannabis,
require a specific moisture content during processing of the plant.

[0002] Cannabis is a genus of a flowering plant (family: Cannabaceae) with three species:
C. sativa, C. indica, and C. ruderalis, and several dozen strains. Cannabis is grown as a natural,
organic, medicinal plant in green houses or outdoors, and growing cannabis involves a lbng
drying process which may involve five or more days of the cannabis drying on the plant. In
particular, current natural harvesting practices involve cutting grown cannabis plants, air-drying
the whole plant for approximately five days at ambient temperature conditions to reach a
moisture content of about 9%, as a moisture content of 9% is optimal for mechanical trimming
(mechanical trimming requires approximately a 9% to 12% moisture content for effective leaf

removal).
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[0004] The flowering buds of the dried cannabis are then removed from the dried plant by
hand, followed by mechanical trimming of the “sugar leaves” of the plants. The proper moisture
content of the cannabis plants is important, as a cannabis product that is too dry may lead to buds
that are too brittle and breaking apart, resulting in a lower quality product. On the other hand, if
the moisture content is too high, the “sugar leaves™ of the plant may not be mechanically
removed.

[0005] During this drying process, changes in drying conditions (e.g., relative humidity,
ambient temperature, seasonal weather, etc.) may result in varying moisture contents of the
product, causing longer drying times, and the development of yeast and mold growth may occur.
Mold or yeast infections of cannabis in particular may lead to a signiﬁcantr reduction of usable
crop for a grower, as in addition to spoilage issues, there are regulatory thresholds for an amount
of mold or yeast that may be present in order to sell cannabis for medicinal purposes. For
example, the state of Colorado requires cannabis sold to comply with a limit of less than 10,000
colony forming units per gram (CFU/g). The drying process for other agricultural plant products,
such as leafy vegetables and herbs, may present similar challenges in regards to drying such
agricultural plant products to have a particular moisture content.

[0006] However, conventional approaches to controlling ycast and mold growth on
agricultural plant products such as the use of heating, oxygen deprivation (e.g., with COy), or use
of other chemicals may not deliver acceptable results or quality of the agricultural plant products.
For example, heating as a disinfecting strategy may be inconsistent, as it is difficult to ensure that
all of the agricultural plant product reaches a killing temperature for the yeast and mold.
Additionally, oxygen deprivation may not be a successful disinfection strategy, as yeast are

anaerobic organisms. Lastly, application of other chemicals to agricultural plant products may
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require long processing times that range from hours to days, and these chemical applications to
the agricultural plant products may not successively penetrate an agricultural plant product for
sufficient reduction in killing of mold and yeast.

[0007] In view of the above challenges with conventional approaches to controlling yeast
and mold growth on agricultural plant products, and recognizing that there is a need, for
example, in the cannabis industry to reduce a population veast and mold on the dried product, the
inventors herein have developed an alternative approach to controlling the presence of yeast and
mold on agricultural plant products, such as leafy vegetables and herbs, and in at least some
examples, cannabis.

[0008] In one example, this alternative approach to processing agricultural plant products
may include positioning agricultural plant product between two elecirode assemblies of a
radiofrequency (RF) circuit, closing the RF circuit, and heating the agricultural plant product to a
threshold temperature in greater than a threshold amount of time. In at least one example, the
agricultural plant product may be leafy vegetables. Additionally or alternatively, the agricultural
plant product may be herbs. In at least one example, the agricultural plant product may be
cannabis.

This alternative approach to processing agricultural plant products may utilize RF
heating as a post-harvest kill step to reduce the population of yeast and mold on the agricultural
plant products. For example, the RF heating may be utilized as a post-harvest kill step to reduce
the population of yeast and mold on dried organic cannabis or other agricultural plant products
with minimal negative impact on the chemical composition (e.g., THC content, terpenes),

natural, and organoleptic composition of the product. For example, the minimal negative impact
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on the chemical composition may include a minimal negative impact on color, aroma, and flavor
chemicals of the agricultural plant products.

[0009] This alternative approach may be used to quickly dry the agricultural plant product
for improved downstream processing. Thus, RF heating may be beneficial for removing moisture
quickly to shorten the drying process, reduce the time available for yeast and molds to grow,
reduce the water activity, improve handling and mechanical processing, and effectively reduce
the microbial load of the product. Moreover, specifically in a case with cannabis, the use of RF
heating may achieve drying and microbial reduction benefits without a significant impact on the
medicinal properties of the cannabis.

[0010] Further, by utilizing RF to heat the agricultural plant product, several advanlages
over traditional approaches to disinfecting agricultural plant products may be achieved. For
example, RF heating may be energy efficient compared to other heating methods such as natural
gas based systems, steam jacket systems, or electrical heating, as RF based heating penetrates
[[a]]the agricultural plant product, increasing a vibration of polar molecules within the product to
heat it, as opposed to heating a product via conduction. Additionally, RF may be more efficient
than oxygen deprivation and chemical application for killing yeast and mold. Furthermore, by
heating the agricultural plant product to a threshold temperature in greater than a threshold
amount of time, the technical effect of a uniform temperature throughout the RF heated
agricultural plant product and drying of the product may be achieved due to both steam caused
by the RF heating and the RT waves themselves being able to penetrate the agricultural plant

product.
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BRIEF DESCRIPTION OF THE FIGURES

[0011] FIG. 1 shows a schematic block diagram of an example system for radiofrequency
heating of an agricultural plant product

[0012] FIG. 2 shows a first example method for radiofrequency heating of an agricultural
plant product according to at least one example of the present disclosure.

[0013] FIG. 3 shows a second example method for radiofrequency heating of an agricultural
plant product according to at least one example of the present disclosure.

[0014] FIG. 4 shows a third example method for radiofrequency heating of an agricultural plant

product according to at least one example of the present disclosure.

DETAILED DESCRIPTION

[0015] A system and methods for radiofrequency (RF) heating of an agricultural plant
product are described herein. In some examples, the agricultural plant product may be cannabis.
Additionally or allernatively, the agricultural plant product may include leafy vegetables.
Further, in some examples, the agricultural plant product may additionally or alternatively
include herbs.

[0016] As described in Fig. 1, the system for RF heating of an agricultural plant product
may include a first electrode assembly and a second electrode assembly, and an agricultural plant
product may be positioned between the first electrode assembly and the second electrode
assembly. The first electrode asscmbly and the sccond electrode assembly may be a part of an
RF circuit, and when the RF circuit is closed, RF waves may cause heating to occur between the

first electrode and the second electrode.
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[0017] As also described in reference to Fig. 1, the first electrode assembly and the second
electrode assembly may be adjusted, so that when the RF circuit heats the agricuitural plant
product to a threshold temperature in greater than a threshold amount of time, and the
agricultural plant product may be enclosed in a tray. The system for RF heating described herein
may enable uniform heating of the agricultural product (e.g., agricultural plant products such as
cannabis, leafy vegetables, herbs, etc.) while avoiding degradation of a chemical composition of
the agricultural product. Various methods for RF heating of an agricultural plant product may be
carried out with the system described in Fig. 1. For example, as described at the flow charts in
Figs. 2-4, such methods may include positioning the agricultural plant product between two
electrode assemblies of a radiofrequency (RF) circuit, closing the RF circuit, and heating the
agricultural plant product to a threshold temperature in greater than a threshold amount of time.
[0018] FIG. 1 shows a schematic block diagran1 of an example system 100 for
radiofrequency heating of an agricultural plant product 114a, 114b, 114c. In some examples, the
agricultural plant product may be cannabis. However, in other examples, other agricultural plant
products may be possible, such as lcafy vegetables or herbs.

[0019] The agricultural plant product 114a, 114b, 114c may be contained in enclosures
106a, 106b, and 106¢, respectively. Enclosures 106a, 106b, 106¢ may be a polycarbonate tray. In
other examples, however, enclosures 106a, 106b, 106¢ may comprise different materials that are
RF safe. Enclosures 106a, 106b, 106c may have a solid bottom in some examples. However,
other shapes and forms enclosures 106a, 106b, 106¢ may be possible.

[0020] For example, enclosures 106a, 106b, 106c may have a mesh bottom 120 in order to
allow convective air to move through the container, aiding the drying of the agricultural plant

product 114a, 114b, 114c contained therein. Enclosures 106a, 106b, 106¢ may additionally or
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alternatively have a fitted lid 122 in order to aid in steam formation. Examples where enclosures
106a, 106b, 106¢ include a fitted lid may be advantageous for aiding the formation of steam in
enclosures 106a, 106b, 106¢ during RF heating of the agricultural plant product 114a, 114b,
114c. The steam may be formed as RF heating causes water within the agricultural plant product
114a, 114b, 114c¢ to increase in temperature and vaporize. This steam in enclosures 106a, 106b,
106¢ may aid in uniform heating of the agricultural plant product 114a, 114b, 114c, as a steam
micro environment may be formed within the product itself (e.g., cannabis buds, leafy
vegetables, herbs, etc.) as well as within enclosures 106a, 106b, 106c.

[0021] Of further benefit, this steam may be formed without adding any moisture from a
forcign source and without increasing the product moisture content. Uniform heating of the
agricultural plant product 114a, 114b, 114c due to the steam environment created by RF heating
may help to reduce an amount of yeast and mold on the agricultural plant product 114a, 114b,
114c. For example, as the agricultural plant product 114a, 114b, 114c is being uniformly heated,
a temperature of the product may be more accurately monitored, ensuring that all of the
agricultural plant product 114a, 114b, 114c reaches a threshold temperature. In some examples,
this threshold temperature may be a kill temperature for particular microbes such as yeast or
mold.

[0022] The temperature of the agricultural plant product 114a, 114b, 114c within enclosures
106a, 106b, 106¢ may be detected via a temperature probe 108a, 108b, 108c. Temperature probe
108a, 108b, 108¢c may be a fiber optic probe that mcasures the temperature of the product
throughout the RF heating process. In some examples, sensors may include sensors suitable for

the RF environment. However, other types of temperature sensors may be possible.
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[0023] In the case of cannabis, as one example, the temperature probe 108a, 108b, 108¢ may
be placed within an average sized bud in order to estimate a temperature of all of the product
within enclosure. A measuring tip of the temperature probe 108a, 108b, 108c may be positioned
so that it penetrétes a most dense part of the bud in order to ensure more accurate monitoring. In
examples where other leafy vegetables or herbs may be undergoing the RF heating process,
however, the temperature probe 108a, 108b, 108¢ may be placed within an average sized unit of
such leafy vegetable or herb.

[0024] The temperature probe 108a, 108b, 108¢ may output a signal to controller 14
indicative of a temperature of the product within the enclosure. In some examples, a plurality of
temperature probes 108a, 108b, 108c may be used in order to more accurately estimate a
telﬁperature of the product within the enclosure 106. In examples where a plurality of
temperature probes 108a, 108b, 108c may be used, these multiple temperature probes may be
positioned within the product (e.g., multiple cannabis buds, lealy vegetables, herbs, etc.) and in
the tray in order to detect a temperature at multiple horizontal and vertical positions throughout
the product.

[0025] As shown in Fig. 1, enclosure 106b containing agricultural plant product 114b and
temperature probe 108a, 108b, 108c may be positioned between a first electrode assembly 102
and a second electrode assembly 104. It is noted that the temperature probe 108a, 108b, 108¢
may be positioned in any one or more of the locations described herein.

[0026] In at least one example, the enclosure 106b may be positioned between a first
electrode assembly 102 and a second electrode assembly 104 on a conveyer belt 112. For
example, enclosure 106b may be moved from a position upstream of the first electrode assembly

102 and the second electrode asscmbly 104, such as where enclosure 106a is positioned in Fig. 1,
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to instead be positioned between the first electrode assembly 102 and the second electrode
assembly 104. Embodiments where the RF heating system includes such a conveyer belt 112
may be advantageous to assist in moving the enclosures 106a, 106b, 106c that contains the
agricultural plant product 114a, 114b, 114c¢ to a position between the first electrode assembly
102 and the second electrode assembly 104 to be RF heated.

[0027] In other examples, however, there may simply be a surface (e.g., platform, table) to
manually position the enclosures 106a, 106b, 106¢ and the agricultural plant product 114a, 114b,
114c contained therein between the first elecirode assembly 102 and the second electrode
assembly 104.

[0028] In at least one example the first electrode assembly 102 and the second electrode
assembly 104 may be contained within an RF circuit enclosure 116 to aid in directing the RF
heating to the agricultural plant product contained within an enclosure 106 between the first
electrode assembly 102 and the second electrode assembly 104. Such an RF circuit enclosure
116 may comprise at least one door to enable insertion and removal of agricultural plant product
from between the first electrode assembly 102 and the second electrode assembly 104. For
example, in a case where the RF heating system may only enable batch processing of agricultural
plant product, the RF circuit enclosure may include a single door to enable manual insertion and
removal of agricultural plant product between the electrode assemblies.

[0029] In a case where the RT heating system enables continuous processing of agricultural
plant product, however, the RF heating system may comprise a conveyor 112 that extends both
upstream and downstream of the two clectrode assemblies 102, 104, and the conveyor 112 passes
between the two electrode assemblies 102, 104. Thus, to accommodate the conveyor 112, RF

circuit enclosure 116 may include a door 118a at an upstream end of the RF circuit enclosure 116
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and door 118b at a downstream end of the RF circuit enclosure 116. In other examples, it may
be desirable for the conveyor belt to move in an uninterrupted manner. For example, when
agricultural plant products are conveyed via conveyor 112, the RF circuit enclosure 116 may
include RF a suppression tunnel at an upstream end of the RF circuit enclosure 116 and a
suppression tunnel at a downstream end of the RF circuit enclosure 116. The suppression
tunnels allow the infeed and outfeed to move freely, while decreasing RF leakage. Such RF
suppression tunnels may be used alone or in conjunction with one or more doors. When
agricultural plant product is conveyed via conveyor 112 to position the agricultural plant product
between the two electrode assemblies of the RF circuit, both doors 118a and 118b may be in an
open position. Once the agricultural plant product to be processed is positioned between the two
electrode assemblies, both doors 118a and 118b of the RF circuit enclosure 116 may be closed
prior to closing the RF circuit for heating the agricultural plant product. Then, following the
heating of the agricultural plant product, both the upstream and the downstream doors 118a and
118b may once again be opened so that the agricultural plant product that was just heated may be
conveyed downstream of the RF circuit and so that any agricultural plant product positioned on
the conveyor 112 upstrecam of the two electrode assemblies 102, 104 may be conveyed to a
position in between the first electrode éssembly 102 and the second electrode assemblies 104 for
subsequent RF heating.

[0030] In an additional example, when agricultural plant product is conveyed via conveyor
112 to position the agricultural plant product between the two electrode assemblics of the RF
circuit, the agricultural plant product may be conveyed through RF suppression tunnels instead
of doors 118a and 118b. In further examples, the RF suppression tunnels may be used in

conjunction with either or both doors 118a and 118b.
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[0031] It is noted that invat least one example, an RF heating system configured to perform
continuous processing may also be utilized to perform batch processing of agricultural plant
product. For example, though the RF heating system for performing continuous processing of the
agricultural plant product may include some sort of conveyor to move the agricultural plant
product relative to the two electrode assemblies of the RF circuit, such an RF heating system
may also be used to perform batch processing of agricultural plant product. Batch processing of
agricultural plant product may be carried out via the RF heating system configured to perform
continuous processing by opening at least one of the doors 118a, 118b, positioning agricultural
plant product between the first clectrode assembly 102 and second electrode assembly 104 of the
RF circuit, ensuring that both doors 118a, 118b are closed, and then closing the RF circuit. Then
after the agricultural plant product has been heated to a first threshold temperature in greater than
a threshold amount of time, the RF circuit may be opened, then at least one of the doors 118a,
118b may be opened, and the agricultural plant product may be manually removed {rom between
the two electrode assemblies of the RF circuit. In some examples, RF suppression tunnels may
replace or be used in conjunction with either or both doors 118a and 118b.

[0032] Further, in at least one example, one or more of the first electrode assembly 102, the
second electrode assembly 104, and the conveyor belt or surface may be adjustable. Such
adjustability may be advantagcous to help control an intensity with which agricultural plant
product positioned between the electrode asscmblics are heated. For example, one or more of the
first electrode assembly 102, second electrode assembly 104, and conveyor 112 may be adjusted
prior to heating agricultural plant product via the RF circuit to ensure that the agricultural plant
product is positioned relative to the clectrode assemblics to heat the agricultural plant product to

a threshold temperature in greater than a threshold amount of time. In such examples, it is noted

11
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that both the threshold temperature and the threshold amount of time may be predetermined
based on a user input and that the positioning of one or more of the first electrode assembly 102,
second electrode assembly 104, and conveyor 112 may adjusted to accommodate the
predetermined threshold temperature and the threshold amount of time. In other examples,
however, none of the first electrode assembly 102, the second electrode assembly 104, and the
conveyor belt or surface may be adjustable.

[0033] In examples where one or more of the first electrode assembly 102, the second
electrode assembly 104, and the conveyor 112 are movable in order to adjust a distance of the
first electrode 102 and/or the second electrode 104 from the agricultural plant product in
enclosure 106, one or more of the first electrode assembly 102, the second electrode assembly
104, and the conveyor 112 may be movable via actuators 12 that are controllable via control
system 13, and the controller 14 of control system 13 may move actuators 12 responsive to input
from sensors 11 (e.g., sensors receiving a user input 111, environmental sensors, etc.).

[0034] Sensors for receiving a user input 111 may include one or more of capacitive touch
sensors, buttons, and microphones for receiving voice commands, a mouse, keyboard, and a
touch screen, for example. Other sensors that are capable of receiving a user input may also be
possible.

[0035] In exdmples that additionally or alternatively include sensors 11 that are
environmental sensors, these environmental sensors may include one or more of temperature
sensors, moisture sensors, and oxygen sensors, for example. The environmental sensors may
include a temperature probe 108a, 108b, 108c, for example. However, other environmental

sensors, such as moisture sensors, may also be possible.
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[0036] However, in other examples, the first electrode assembly 102 and the second
electrode assembly 104 may only be manually movable. The first electrode assembly 102 and the
second electrode assembly 104 are both connected to a RF generator 110. The RF generator 110,
the first electrode assembly 102, and the second electrode assembly 104 all form an RF circuit.
When the RF circuit is closed, the RF generator 110 may create an alternating electric field
between the first electrode assembly 102 and the second electrode assembly 104, where the
agricultural plant product located in enclosure 106 is positioned. This alternating electric field
between the first electrode assembly 102 and the second electrode assembly 104 causes polar
molecules (e.g., H,O) within the agricultural plant product to reorient rapidly due to the
alternating electric field, and this rapid reorientation causes heating of the agricultural plant
product due to friction of the molecules of the product as they move rapidly past one another.
Thus RF heating causes heating of the agricultural plant product from within the product.

[0037] When the RF circuit is open, the RF generator 110 is unable to cause an alternating
electric field between the first electrode assembly 102 and the second electrode assembly 104
(i.c., RF heating does not occur). When the RF circuit is closed, the RF generator 110 1s able to
cause an alternating electric field between the first electrode assembly 102 and the second
electrode assembly 104 (i.e., RF heating does occur).

[0038] Controller 14 may include a user interface to receive a user input. In at least one
example, the uscr input may be received via user input sensors 111 of the controller 14. Such
user input sensors may include any one or combination of capacitive touch sensors, buttons,
microphones for receiving voice commands, a mouse, keyboard, and a touch screen as

mentioned above, for example.
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[0039] In some examples, controller 14 may open the RF circuit responsive to receiving a
user input to have the RF heating system in an off state. Additionally, the controller 14 may close
the RF circuit responsive to receiving a user input to have the RF heating system in an on state.
[0040] However, in other examples, controller 14 may automatically open and close as a
part of a continuous processing mode based on an output from environmental sensors such as
temperature probe 108a, 108b, 108c and a user input received via user receiving sensors 111.
[0041] For example, in a continuous processing mode, multiple enclosures 106a, 106b, 106¢
may have agricultural plant products 114a, 114b, 114c that need to be RF heated, and these
multiple enclosures 106a, 106b, 106¢c may be positioned on a conveyor belt 112. Thus, a
controller may automalically actuate a conveyor belt 112 to move one of enclosures 106a, 106b,
106¢ into position between the first electrode assembly 102 and the second electrode assembly
104, close the RF circuit, heat the agricultural plant product within the enclosure moved between
the first electrode assembly 102 and the second electrode assembly 104 to a threshold
temperature in greater than a threshold amount of time, open the RF circuit, and then begin the
process again. This cycle may continue for a set number of cycles. For example, a continuous
mode may be carried out for a number of ¢ycles that are indicated via user input to a controller
14 via user input receiving sensors 111. In other examples, however, a continuous mode may be
carried out for a number of cycles until detecting that there are no longer enclosurcs for
processing.

10042] Thus, via the RF heating system disclosed herein, a means of processing agricultural
plant products in an efficient manner is provided. Further, compliance for cannabis farmers or
farmers of other crops with state law rcgulations regarding yeast and mold populations may be

provided. Additionally, an improvement in the consistency of agricultural plant product quality
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may be achieved, as this RF heating system both reduces the microbial load to acceptable limits
and while avoiding degradation of the product. Furthermore, this RF heating system is especially
advantageous, as is may provide a means for recovering crops that may be contaminated with
high microbial loads.

[0043] Additionally, the RF heating system has the benefit of improving a drying process
for agricultural plant products, such as cannabis or herbs. In particular, the RF heating system
may shorten a drying time, improve control over moisture reduction, quickly reduce water
activity, and aid in downstream post-harvest processing of the product. Thus, the RF heating
system disclosed herein may aid in downstream processing by drying the agricultural plant
product (e.g., cannabis, leafy vegetables, herbs, etc.) to a desired moisture content. Such a
moisture content in a case of cannabis processing may be a moisture content that enables easy
separation of “sugar leaves™ from {lowering buds of the cannabis, for example. Additionally, the
RF heating system may aid in downstream processing through improving a quality and/or size of
the agricultural plant product (e.g., cannabis buds, leafy vegetables, herbs, etc.) by not over
drying the product, improving a product yicld by reducing waste due to processing (mechanical
trimming), and by reducing post-harvest production time and required labor.

[0044] FIG. 2 shows a first example method for radiofrequency heating of an agricultural
plant product 200. In some examples, method 200 may be performed with an RF heating system
such as described in Fig. 1. Thus, elements described in reference to Fig. 1 may also be
referenced in the description of Fig. 2 using the same reference numerals.

[0045] The method described at Fig. 2 may be carried out continuously and automatically
by non-transitory instructions of a controller in some examples. For example, the method

described at Fig. 2 may be carried out by a controller 14 of the control system 13 described in
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reference to Fig. 1. However, in other examples, the method may not be automatically carried
out by a controller and instead be carried out in batches.

[0046] The method may begin at step 202, where an agricultural plant product is loaded into
one or more enclosures. In some examples, the agricultural plant product may be contained
within an enclosure such as any of enclosures 106a, 106b, 106¢. In some examples, a lid of the
enclosure may be lightly closed in order to e.nable venting of steam, and in order to prevent a
pressure build-up within enclosure during the RF heating. However, in other examples, the lid
may be sealed. For example, if the enclosure includes other venting mechanisms (e.g., a mesh
bottom 120, other openings 124 in the enclosure) the lid may be sealed as there is already a
manner in which the steam may be vented out. It is noted that a shaping of such mesh or other
openings may be varied. For cxample, rectangular slits, round holes, etc. may be possible.
Further, it is noted that any combination of the features of the enclosures may be included in a
single enclosure. As one example, an enclosure with the mesh or that has openings, may also
have a lid. As another example, an enclosure that is a single piece solid tray may not have a lid.
Other combinations may also be possible.

[0047] The enclosure may contain loosely packed agricultural plant product in order to
ensure that the product is able to be efficiently heated. In some examples, a threshold mass
amount of product for processing via the RF heating system may be predetermined. For example,
between | kg and § kgs of an agricultural plant product, may be RF heated at a time. [n addition
to mass, a threshold height range of an agricultural plant product within the enclosure may be
predetermined in order to approximate a density of agricultural plant product being processed at

a time. TFor example, a height between 7.5 cm to 15 cm may be the threshold height range. In at
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least one example, the agricultural plant product may be cannabis. Additionally or alternatively,

the agricultural plant product may include one or more of leafy vegetables and herbs.

[0048] Following loading the agricultural plant product into one or more enclosures at step
202, method 200 may include positioning the agricultural plant product between two electrode
assemblies of a radiofrequency (RF) circuit at step 204 while the RF circuit is open. For
example, agricultural plant product contained in one of the one or more enclosures may be
positioned between two electrode assemblies of the RF circuit at step 204.

[0049] In some examples the agricultural plant product may be positioned between the two
electrode assemblies of the RF circuit manually. However, in other examples,-the agricultural
plant product may be positioned between the two electrode assemblies of the RF circuit via a
conveyor, such as conveyor 112.

[0050] As a part of positioning the enclosure containing agricultural plant product between
the two electrode assemblies of the RF circuit at step 204, a position of the electrode assemblies
may optionally be adjusted in order o ensure that a desired rale of heating may be achieved.
However, in other examples, a position of the electrode assemblies may optionally be adjusted
responsive to receiving a user input at step 206, as described later.

[0051] In examples where a position of the electrode assemblies relative to the agricultural
plant product are adjusted as a part of positioning the enclosure between the two electrode
assemblies at step 204, one or both of the electrode assemblies may be adjusted to ensure that the
product rcaches a threshold temperature in greater than a threshold amount of time. For example,
a top clcctrode assembly may be adjusted such that the RF exposure time for the product to reach
from an initial temperature to a final temperature (e.g., a maximum of 115 degrees Celsius) is not

shorter than four minutes. A conveyor belt or a surface upon which the enclosure 106 rests when
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between the two electrode assemblies may also be adjusted at step 204. However, in some
examples, neither the electrode assemblies nor the conveyor belt/surface for supporting the
enclosure may be adjusted.

[0052] After the agricultural plant product has been positioned between two electrode
assemblies of an RF circuit at step 204, the RF circuit may be closed at 204. In some examples,
the RF circuit may be closed responsive to a user input.

[0053] For example, in a batch mode for processing, the RF circuit may be closed
responsive to a user input to turn on the RF heating system (i.e. close the RF circuit) for one
cycle, where one cycle of positioning the agricultural plant product between the two electrode
assemblies, closing the RF circuit, heating the plant agricultural plant product in greater than the
threshold amount of time, and opening the RF circuit.

[0054] However, in other examples, the RF circuit may be closed automatically as a part of
a continuous processing mode. For example, in a continuous processing mode, multiple
enclosures, such as enclosures 106a, 106b, 106c may have agricultural plant product that needs
to be RF heated, and these multiple enclosures 106a, 106b, 106c may be positioned on a
conveyor belt, such as conveyor belt 112. Then responsive, to receiving a user input at a
controller, such as controller 14, the controller may automatically actuate a conveyor belt to
move one of the multiple enclosures 106a, 106b, 106¢ into position between the first electrode
and the second electrode at step 204. The controller may also automatically adjust a positioning
of the electrode assemblies relative to the agricultural plant product responsive to the user input
via moving one or more of the first electrode assembly, the second electrode assembly, and the
conveyor belt. For example, the controller may automatically adjust the positioning of the

electrode assemblies relative to the agricultural plant product in order to ensure that the
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agricultural plant product is heated to a threshold temperature in greater than a threshold amount
of time.

[0055] After moving one the agricultural product between the two electrode assemblies of
the RF circuit via the conveyor in a continuous processing mode or manually in a batch
processing mode, method 200 may-include closing the RF circuit at step 206.

[0056] After closing the RF circuit at step 206, the agricultural plant product positioned
between the two electrode assemblies may be heated to a first threshold temperature in greater
than a threshold amount of time at step 208. For example, the RF circuit may be closed and the
agricultural plant product may be heated as predetermined via a user input received at a
controller of the RF device.

[0057] The user input received may select a particular agricultural plant product to be
processed in some examples, and then a predetermined heating profile associated with the
selected agricultural plant product may be carried out. Such a predetermined heating profile may
include one or more of a first threshold temperature to which the agricultural plant product is to
be heated, a minimum amount of time that may be used to heat the agricultural plant product to
the first threshold temperature, a maximum rate of heating that may be used to hcat the
agricultural plant product to the first threshold temperature, and a second threshold temperature
to which to cool the agricultural plant product following heating the agricultural plant product to
the first threshold temperature, where the second threshold temperature is less than the first
threshold temperature.

[0058] In other examples, however, the user input received may manual input of one or
more of the first threshold temperature to which to heat the agricultural plant product, the

minimum amount of time that may be used to heat the agricultural plant product to the first
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threshold temperature, a maximum rate of heating that may be used to heat the agricultural plant
product to the first threshold temperature, the maximum rate of heating that may be used to heat
the agricultural plant product to the first threshold temperature, and the second threshold
temperature to which to cool the agricultural plant product following heating the agricultural
plant product to the first threshold temperature. |

[0059] Following heating the agricultural plant product to the first threshold temperature in
greater than the threshold amount of time at step 208 (i.e., heating the agricultural product to the
threshold temperature at less than a threshold rate), step 210 of method 200 includes opening the
RF circuit. In some examples, the RF circuit may be opened responsive to detecting that a
temperature of the agricultural plant product has reached the first threshold temperature in
greater than the threshold amount of time. For example, in some cases a temperature sensor may
output the temperature of the agricultural plant product being heated to the controller, and the RF
circuit may automatically be opened responsive to determining via the temperature sensor output
that the agricultural plant product has been heated (o the first threshold temperalure in greater
than the threshold amount of time.

[0060] Additionally or alternatively, other environmental sensor outputs may also be used to
determine whether to open the RF circuit at step 210. For example, moisture sensors that may
measure a moisture wifhin an enclosure holding the agricultural plant product may be used to
determine when to open the RF circuit at step 210. In some cases, the RF circuit may be opened
at step 210 responsive to determining that the ambient moisture content within the enclosure is
greater than a threshold moisture content, as this may indicate that the agricultural plant product

has undergone sufficient steaming and that sufficient moisture has been removed from the
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agricultural plant product itself. Such sensors may be of any useful type. In some examples, the
sensors may be those suitable for an RF environment.

[0061] In other examples, however, the RF circuit may be opened only based on greater
than the threshold amount of time lapsing with the RF circuit closed.

[0062] Following step 210, step 212 of method 200 includes removing the agricultural plant
product from between the two electrode assemblies of the RF circuit.

10063] The RF heating process may then subsequently be carried out again.

[0064] Following step 208, in a continuous mode the cycle as disclosed at steps 202 through
212 may be repeated automatically for a set number of cycles, moving a new enclosure
containing agricultural plant product between the two electrode assemblies at each start of a
cycle. For example, the continuous mode may be carried out for a number of cycles that are
indicated via user input 1o a controller. In other examples, however, the continuous mode may be
carried out for a number of cycles based on detecting that there are no longer enclosures for
processing.

[0065] In another example, where the agricultural plant product is processed in a batch
mode, after closure of the RF circuit at step 206, and heating the agricultural plant product at step
208 to a threshold temperature in greater than a threshold amount of time, method 200 may
include opening thc RF circuit at stcp 210, and then the agricultural plant product may be
manually removed from between the two electrode assemblies of the RF circuit at step 212.
[0066] By heating the agricultural plant product to a threshold temperature in greater than a
threshold amount of time, the agricultural plant product may be more evenly heated. In other
words, by heating the agricultural plant product at less than a threshold rate, benefits in rcgards

to morc cvenly heating the agricultural plant product may be realized. As one example, in a case
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where cannabis is the agricultural plant product, an R¥ frequency of 27.12 MHz + 0.163 MHz
may be used. However, other RF frequencies may be possible.

[0067] The first threshold amount of time in method 200 may be based on a predetermined
heating rate and a desired temperature for the particular agricultural plant product being
processed. For example, a threshold amount of time for RF heating cannabis may be set to
greater than 4 minutes to reach a temperature of 75 to 95 degrees Celsius when heating the
cannabis within the threshold range of heating rates.

[0068] In examples where cannabis is the agricultural plant product, a heating rate range of
from 6.5 degrees Celsius per minute to 19.0 degrees Celsius per minute has been found to both
enable uniform heating of the product as well as to reduce a moisture content to less than a
threéhold without damaging the cannabis.

[0069] The RF heating may be a part of a drying process for the agricultural plant product
(e.g., leafy vegetables, herbs, cannabis, etc.) as well as a kill step. In particular, for the drying
process of the cannabis, the cannabis buds are dried on the plant before the mechanical trimming
of the buds. The moisture content of the buds prior to undergoing the drying process can range
from 9 1o 20%, and the inventors have found that the RT drying time may range between 1.5
minutes to 4 minutes in order to reach a target temperature range of about 55 to 66 degrees
Celsius. Specifically, the inventors have found that during the RF heating, the RF penetrates
through the air layers of the cannabis into the buds and drives the moisture from the inside of the
bud out, expediting the drying process. Ilowever, in cases where the agricultural plant product
may be a different plant product, other moisture contents may be desirable.

(0070] Following step 206, method 200 includes opening the RF circuit in order to stop RF

heating of the agricultural plant product. Step 206 may occur automatically responsive to
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determining that the agricultural plant product has been heated to a threshold temperature. For

example, a controller may receive an output from one or more temperature probes (e.g.,
temperature probe 108a, 108b, 108¢) indicating a temperature of the agricultural plant product,
and the controlier may open the RF circuit responsive to an output from the temperature probe
indicating that the temperature of the agricultural plant product has reached the threshold
temperature.

[0071] If the enclosure had a lid, the lid may be automatically or manually removed or
repositioned to be offset after opening the RF circuit at step 210 in order to allow the product to
cool down and for further removal of moisture. In somé examples, this cool down time may
range from 10 to 15 minutes. In some examples, the cool down time may not be time based but
rather based upon a temperature of the agricultural plant product decreasing below the second
threshold temperature after the agricultural plant product has been heated to the first threshold
temperature at step 208, the first threshold temperature being greater than the second threshold
temperature. The cool down temperature may be monitored via the temperature probe, for
example. In such examples, once the RF heated agricultural plant product has been cooled to less
than a second temperature threshold, where the second temperature threshold is less than the first
temperature thresholds, an alert may be generated. For example, an alert (e.g., auditory or visual)
may be generated via the controller of the RF heating system, indicating that the agricultural
plant product has been cooled to less than the second temperature threshold.

[0072] Further, in some examples where the agricultural plant product is moved via a
conveyor belt instead of manually moved, the agricultural plant product may be moved
downstream of the two electrode assemblies via the conveyor belt following heating the

agricultural plant product to the first threshold temperature at step 208. In some cases, the
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agricultural plant product may first be cooled while positioned between the first and second
electrode assemblies prior to moving the agricultural plant product downstream of the two
electrode assemblies in order to reduce a length of the conveyor belt needed to process the
agricultural plant product in a continuous manner. To aid in such a cooling process where the
agricultural plant product remains positioned between the two electrodes assemblies during
cooling, the doors of the RF circuit enclosure may be opened after the agricultural plant product
is heated and maintained open while the agricultural plant product is cooled. In other examples,
the agricultural plant product may be removed from the conveyor belt and allowed to cool
naturally.

[0073] However, in other examples, rather than allowing the agricultural plant product to
cool down while positioned between the two electrode assemblies, the agricultural plant product
may be immediately moved downstream of the two electrode assemblies after the agricultural
plant product has been heated to the threshold temperature at step 208. In other examples, the
agricultural plant product may be removed from the conveyor belt and allowed to cool at room
temperature.

[0074) Such immediate conveying the agricultural plant product downstream of the two
electrodc assemblies after heating the agricultural plant product to the temperature threshold at
step 208 may include immediately opening both doors of the RF circuit enclosure following
heating of the agricultural plant product to the threshold temperature, and operating the conveyor
belt to move the agricultural plant product that has been heated downstream of the RF circuit
enclosure while also conveying any upstream agricultural plant product to be positioned between
the two RF electrode circuit assemblies. Immediately moving the agricultural plant product after

such agricultural plant product has been heated to the threshold temperature may advantageously

24

CA 2982577 2017-10-13




allow agricultural plant product to be more quickly processed. In some examples, the agricultural
plant product may be removed from the conveyor belt based system and allowed to cool
naturally.

[0075] Turning now to Fig. 3, Fig. 3 shows a flow chart of a second example method 300
for processing agricultural plant products according to at least one example of the present
disclosure. In some examples, method 300 may be performed with an RF heating system such as
described in Fig. 1. Thus, elements described in reference to Fig. 1 may also be referenced in the
description of Fig. 3.

[0076] Method 300 begins at step 302 where agricultural plant product is loaded into one or
more enclosures. For example, agricultural plant product may be loaded intoyany one of the
enclosures previously described herein.

’[0077] Following loading the agricultural plant product into the one or more enclosures at
step 302, method 300 includes positioning the one or more enclosures on a conveying device of
an RF heating system at step 304. The conveying device may be a conveying belt, such as
conveying belt 112, for example. The one or more enclosures may all be positioned on the
conveying device upstream of RF electrode assemblies.

[0078] Following positioning the one or more’enclosures on the conveying device of the RF
heating system upstream of the RF electrode assemblies at step 304, method 300 may include
receiving a user input at step 306. The user input may be received via a controller, such as
controller 14. The user input received may provide a command to perform continuous RF heat
processing.

[0079] In at least one example, the user input may include selecting a particular agricultural

plant product to be heated via RF heat processing, such that a predetermined heating profile for
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the selected agricultural plant /product may bé‘ carried out. Such predetermined heating profiles
may include the threshold temperature to which the agricultural plant product needs to be heated
as well as a minimum threshold amount of time that the heating process needs to take place over.
[0080] Put another way, the predetermined heating profiles may include the threshold
temperature to which the agricultural plant product needs to be heated as well as a maximum rate
of heating that may be used for heating the agricultural plant product. In at least one example, the
predetermined heating profile may also include a second threshold temperature that is lower than
the first threshold temperature to which the agricultural plant product may be cooled following
heating the agricultural plant product to the first threshold temperature.

[0081] In other examples, the user input may include a first threshold temperature that the
agricultural plant product is to be heated to as well as a minimum length of time that may be
used to heat the agricultural plant product to the first threshold temperature. Put another way, the
user input may include manual input of the first threshold temperature to which the agricultural
plant product is to be heated as well as a maximum rate at which the agricultural plant product is
to be heated. Additionally or alternatively, the user input may also manually provide a second
threshold temperature to which the agricultural plant product is to be cooled following heating of
the agricultural product to the first threshold temperature, where the second threshold
temperature is lower than the first ‘threshold temperature. Such manual entry of the heating
parameters is in contrast to the user input selecting an agricultural plant product to be RF heated
that already has a predetermined heating profile.

[0082] [t is noted that in cases where manual entry of heating parameters are entered, such
heating parameters may be saved and associated with an agricultural plant product for

subsequent use. For example, following manual entry and saving of heating parameters to

26

CA 2982577 2017-10-13




associate the manually entered heating parameters with a particular agricultural plant product,
during subsequent use of the RF heating system upon which the heating parameters were saved,
a user may select the agricultural plant product associated with the saved heating parameters
rather having to re-enter the heating parameters.

[0083] Moreover, in at least one example, it may be desirable to include multiple RF heating
profiles for a same agricultural plant product. For example, it may be desirable to have a drying
RF heating process for an agricultural plant product as well as a kill step only RF heating profile
for the same agricultural plant product. Thus, reference to selecting an agricultural plant product
for RF heating may also refer to selection of a particular RF heating process for an agriculturat
plant product, in at least one example. |

[0084] Following receiving the user input at step 306, method 300 may comprise
automatically opening the doors of an RF circuit enclosure (if they are not already opened) at
step 308, and then moving one of the one or more enclosures that are positioned on the conveyor
belt upstream the RF electrode assemblies to be positioned between Lhe two electrode assemblies
of an RF circuit via the conveying device at step 310 while the RF circuit is open.

[0085] Optionally, step 310 may also include adjusting one or more of the first electrode
assembly, the second electrode assembly, and a position of the conveyor belt to position the
agricultural plant product relative to the first and second electrode assemblies to ensure that the
agricultural plant product is heated to the first threshold temperature in greater than the threshold
amount of time,

[0086] Following step 310, step 312 includes closing the doors of the RF circuit enclosure
and closing the RT circuit. Closing the RF circuit commences heating of the agricultural plant

product positioned between the RF electrode assemblies.
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10087] | Following step 312, step 314 of method 300 includes heating the agricultural plant
product to the first threshold temperature in greater than a threshold amount of time. The first
threshold temperature and the threshold amount of time at step 314 may be based on the user
input received at step 306 of method 300, for example. In other words, the agricultural plant
product may be heated to the first threshold temperature at less than a threshold rate at step 314.
[0088] Following step 314, step 316 may include opening the RF circuit. The RF circuit
may be opened responsive to differentiating that the agricultural plant product temperature is
greater than the first threshold temperature. The agricultural plant product may be differentiated
as having a temperature greater than the first threshold temperature responsive to recetving an
output from a temperature probe, for example. In other examples, however, the RF circuit may
be opened after carrying out the heating profile based on the user input at step 306, regardless of
output from a temperature sensor.

[0089] After the RF circuit is opened at step 316, the doors of the RF circuit enclosure may
be opened at step 318. In some examples, the doors of the RF circuit enclosure may be
immediately opened at step 318 following the agricultural plant product being heated to the first
threshold temperature in greater than the threshold amount of time. Such immediate opening of
the doors may help to cool the agricultural plant product that was heated to a second threshold
temperature, for example. Further, immediate opening of the doors may enable the agricultural
plant product that was heated to more quickly be moved out from between the two electrode
assemblies such that more agricultural plant product may be moved between the two electrode
assemblies for heating. In further examples, the agricultural plant product may be removed from

the RF circuit enclosure and allowed to cool at room temperature.
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[6090] However, in other examples, the doors of the RF circuit enclosure may be
maintained in a closed state following heating of the agricultural plant product to extend the
heating process.

[0091] Following step 318, step 320 of method 300 may include maintaining the doors of
the RF circuit enclosure open and moving the agricultural plant product out from between the
two electrode assemblies of the RF circuit via the conveying device. In particular, the
agricultural plant product may be moved out from between the two electrode assemblies of the
RF circuit to downstream the two electrode assemblies of the RF circuit. As the agricultural plant
product that was heated to the first threshold temperature is moved out from between the two
electrode assemblies, agricultural plant product that may be on the conveyor upstream of the two
electrode assemblies, may be moved to be positioned between the two electrode assemblies.
Such agricultural plant product that was positioned on the conveyor upsiream of the two
electrode assemblies may be contained in an enclosure, for example.

[0092] Additionally, in examples where agricultural plant product that was heated may be
contained in an enclosure, a lid of the enclosure may be removed or offset to aid in cooling the
agricultural plant product to ba second threshold temperature that is less than the first threshold
temperature. Additionally, in at least one example, an alert may be generated when the
agricultural plant product is cooled to the second temperature, as described in relation to method
200.

[0093] Turning now to Fig. 4, Fig. 4 shows a flow chart of a third example method 400.
Method 400 may be carried via the RF heating system as described at Fig. 1, in at least one

example.
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[0094] Method 400 may begin at step 402, which includes loading agricultural plant product

into one or more enclosures. The one or more enclosures may include any one or combination of
the features of the enclosures described above, for example.

[0095] Following loading the agricultural plant product into the one or more enclosures, the
agricultural plant product may be manually positioned between two electrode assemblies of a
radiofrequency (RF) circuit at step 404 while the RF circuit is open. For example, the
agricultural plant product may be manually positioned between the two electrode assemblies of
the RF circuit by opening at least one door of an RF circuit enclosure and placing the agricultural
plant product (e.g., agricultural plant product contained in an enclosure) on a surface between the
two electrode assemblies. Once the agricultural plant product is positioned between the two
electrode assemblies, all doors of the RF circuit enclosure may be closed at step 404,

[0096] Following manually positioning the agricultural plant product between the two
electrode assemblies at step 404, method 400 may include receiving a user input at step 406. For
example, the user input may be received at a controller of the RF heating system. The user input
may include selection of an aéricultural plant product or manual entry of heating parameters. For
cxample, any one or combination of the user inputs described above in relation to step 306 of
method 300 may be received at step 406 of method 400.

[0097] Once the user input is received at step 406, the RT° circuit may be closed at step 408.
Optionally, step 408 may also include adjusting one or more of the first electrode assembly, the
second electrode assembly, and a position of the ‘surfacc (e.g., a height of the surface) betwcen
the electrode assemblies upon which the agricultural plant product is positioned. Such adjusting

may be to position the agricultural plant product relative to the first and second electrode
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assemblies to ensure that the agricultural plant product is- heated to a first threshold temperature
in greater than a threshold amount of time.

[0098] At step 410, the agricultural plant product may be heated to the first threshold
temperature in greater than the threshold amount of time, and may include details as described in
relation to step 314 of method 300.

[0099] Following heating the agricultural plant product to the first threshold temperature in
greater than the threshold amount of time at step 410, step 412 may include opening the RF
circuit. Step 412 may details as described in relation to step 316 of method 300.

[00100]  Following step 412, method 400 includes removing the agricultural plant product out
from between the two electrode assemblies of the RF circuit. For example, removing the
agricultural plant product out from between the two electrode assemblies may include opening a
door of the RF circuit enclosure and manually removing the agricultural plant product that was
heated at step 410. In some examples, a lid of an enclosure containing the agricultural plant
product may then be removed or offset to expedite cooling of the agricultural plant product to
below a second threshold temperature. Additionally, in at least one example, an alert may be
gencrated when the agricultural plant product is cooled to the second temperature, as described
in relation to method 200.

[00101]  Thus, provided is a system and a method for RF heating of an agricultural plant
product such as cannabis, leafy vegetables, or herbs. A first example method may include
positioning an agricultural plant product between two electrode assemblies of a radiofrequency
(RF) circuit, closing the RF circuit, and heating the agricultural plant product to a threshold
temperature in greater than a threshold amount of time. A second example of the method, which

may optionally include the first method may include adjusting a distance between one of the two
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electrode assemblies and the agricultural f)lant product. Further, a fourth example method, which
may optionally include any of the preceding methods, may include opening the RF circuit
responsive to the agricultural plant product reaching the threshold temperature.

[00102]  Thus, via the system and methods described herein, a manner for achieving a post-
harvest kill step may be provided to reduce yeast and mold population with minimal negative
impact on the chemical composition, organic, and organoleptic composition of the agricultural
plant product (e.g., cannabis). Additionally, an improved approach for quickly reducing a
moisture content, water activity, and product optimization for downstream post-harvest
processing (e.g., mechanical trimming) may be realized.

[00103] [t will be appreciated that the configurations and/or approaches described herein are
exemplary in nature, and that these specific embodiments or examples are not to be considered in
a limiting sense, because numerous variations are possible. The subject matter of the present
disclosure includes all novel and nonobvious combinations and subcombinations ot the various
features, functions, acts, and/or properties disclosed herein, as well as any and all equivalents

thereof.
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CLAIMS:

1. A method, comprising:
positioning an enclosure containing an agricultural plant product between two electrode
assemblies of a radiofrequency (RF) circuit, wherein the agricultural plant product is cannabis;
closing the RF circuit;
subjecting the cannabis to RF waves via the closed RF circuit for at least four minutes;

and
heating and drying the cannabis via the RF waves, the cannabis heated to a final

temperature ranging from 75 degrees Celsius to 115 degrees Celsius via the RF waves.

2. The method of claim 1, wherein the enclosure is a moving enclosure, and wherein
medicinal properties of the cannabis are maintained following the heating and the drying of the

cannabis.

3. The method of claim 1, further comprising differentiating that the cannabis has reached a

threshold temperature, and then automatically opening the RF circuit via a controller.

4. The method of claim 3, where a temperature of the cannabis is monitored via at least one

temperature probe positioned within the enclosure that provides an output to the controller.

5. The method of claim 1, wherein a frequency of the RF waves is 27.12 MHz + 0.163

MHz.
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6. The method of claim 1, wherein the enclosure comprises vents.

7. The method of claim 1, wherein the enclosure is a tray comprising polycarbonate, the

polycarbonate tray including a fitted lid.
8. The method of claim 7, wherein a bottorn of the polycarbonate tray comprises a mesh.

9. The method of claim 1, wherein the cannabis is dried via vaporization of water within the
cannabis, and wherein the cannabis is dried without adding any moisture to the cannabis from a

foreign source.

10. A method of treating an agricultural product, comprising:

subjecting the agricultural product to radiofrequency (RF) waves, wherein the
agricultqral product is cannabis;

heating the cannabis to a final temperature ranging from 75 degrees Celsius to 115
degrees Celsius via the RF waves at a heating rate that is less than 19.0 degrees Celsius per
minute; and

via subjecting the cannabis to the RF waves, reducing a microbial load of the cannabis to

an acceptable limit while avoiding degradation of a chemical composition of the cannabis.

11.  The method of claim 10, wherein the chemical composition of the cannabis includes

THC.
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12.  The method of claim 10, wherein the chemical composition of the cannabis includes

color chemicals and terpenes.

13.  The method of claim 10, wherein the cannabis is subjected to the RF waves for at least

four minutes, and wherein the heating rate is greater than 6.5 degrees Celsius per minute.

14.  The method of claim 10, further comprising drying the cannabis via the RF waves.

15. A method, comprising:

loading a leafy agricultural plant product into an enclosure;

positioning the enclosure containing the leafy agricultural plant product between two
electrode assemblies of a radiofrequency (RF) circuit;

closing the RF circuit;

subjecting the leafy agricultural plant product to RF waves via the closed RF circuit; and

heating the leafy agricultural plant product via the RF waves to a final temperature
ranging from 75 degrees Celsius to 115 degrees Celsius, the leafy agricultural plant product

heated at a heating rate that is less than 19.0 degrees Celsius per minute.

16.  The method of claim 15, wherein the leafy agricultural plant product is cannabis.

17.  The method of claim 15, wherein a frequency of the RF waves is 27.12 MHz + 0.163

MHz.
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18.  The method of claim 15, wherein the heating rate is greater than 6.5 degrees Celsius per

minute, and wherein the enclosure is made of polycarbonate.

19.  The method of claim 18, further comprising drying the cannabis contained within the

enclosure via the RF waves.

20.  The method of claim 1, further comprising heating the cannabis with a heating rate that is

less than 19.0 degrees Celsius per minute via the RF waves.

36

CA 2982577 2019-12-13




siclenay §408UBg

AN b
} }
¥l
£
LWa}s4S 104uCH
bOL || 0__
pz1 o_m:ﬂ/ﬂ{l A_Nw:oa \N:
19901~ {
|
AMM- AR ]

; 90— o 11! — | B9,
a %801 L] | £8\)ﬂl | ogoi R
— ! _ \ N I ’

! | R 44 2
i anianta e i f
L T1T | T | 011
P oo -
w:\
00,

m
inl
1
(o]
-
1
~
ia
o
N
r~
r~
Ty}
3]
[+1]
)]
N
o
3]




2/4
FIG. 2

Load agricultural plant product
into one or more enclosures

A 4

Position the agricultural plant product
between two electrode assemblies of a
radiofrequency (RF) circuit

206~
Close the RF circuit

v

Heat the agricultural plant product

208™ to a first threshold temperature in

greater than a threshold amount of
time

210 Open the RF circuit

A\

212~ Remove the agricultural plant product
from between the two electrode assemblies
of the RF circuit
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FIG. 3

300

302~ Load agricultural plant product into
one or more enclosures

A
Position the onc or more cnclosurcs
on a conveying device of an RF
heating system

l

Receive user input

l

308 Open doors of an RF circuit
enclosure

304—

306

310 — -

Move one of the one or more enclosures between two
electrode assemblies of a radiofrequency (RF) circuit via the
conveying device and close the doors of the RF circuit
enclosure

Y
319 —| Close the doors of the RF circuit
enclosure and close the RF circuit

I

34— Heat the agricultural plant product to a first
threshold temperature in greater than a threshold
amount of time

A

316
) Open the RF circuit
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318 Open doors of the RF circuit enclosure

Y

320 Move the agricultural plant product out from
" between the two electrode assemblies of the
RF circuit via the conveying device
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FIG. 4 00

402~ Load agricultural plant product into
one or more enclosures

A

404

Manually position the agricultural plant product between
two electrode assemblies of a radiofrequency (RF) circuit

Y

406— Receive user input
408— Close the RF circuit

v

410—

Heat the agricultural plant product to a first threshold
temperature in greater than a threshold amount of time

AFEN
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|

412 — Open the R circuit

!

Remove the agricultural plant product
out from between the two electrode
asscmblics of the RF circuit




