w0 20207102400 A 1 |0 F000 0 KO 0 0 00 0 000

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

19) World Intellectual Propert 3
e Organization = U0V O O R 0
International Bureau / (10) International Publication Number
(43) International Publication Date WO 2020/102400 A1
22 May 2020 (22.05.2020) WIRPOIPCT
(51) International Patent Classification: (72) Inventors: BOWLING, Kyle; 4492 Hunt Street, Pryor,
A01G 9/24 (2006.01) A01G 9/18 (2006.01) OK 74361 (US). KINDLE, Jay; 4492 Hunt Street, Pryor,
A01G 9/14 (2006.01) OK 74361 (US).
(21) International Application Number: (74) Agent: HALL, William, D. et al.; McAfee & Taft, P.C.,
PCT/US2019/061245 Tenth Floor, Leadership Square, 211 N. Robinson, Okla-

(22) International Filing Date: homa City, OK 73102 (US).

13 November 2019 (13.11.2019)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(25) Filing Language: English

(30) Priority Data:

62/760,454 13 November 2018 (13.11.2018) US KR KW.KZ. LA, LC.LK.LR. LS. LU, LY. MA. MD, ME.
(71) Applicant: RAE CORPORATION [US/US]; 4492 Hunt MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Street, Pryor, OK 74361 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: CLIMATE CONTROL SYSTEM FOR INDOOR HORTICULTURE

20
Inlet — Refrigerant comprised Qutlet — Refrigerant comprised
of liquid and/or gas ranging from ?f I|qu|dbandl/o[; %as r;ngmg
subcooled liquid to superheated [y ., 1O subcooledliqul to
gas. i | superheated
gas.
247) 327
34
e | 328 _
24al & e}
s S 26—7 18
Z o . v
22 o o z = e
£ ~H 218/
. . = ol e A — )
Return air/Outside Air o O b i ran ;E Supply Air
— E % /
e o S e
o Q
& 2
2 =
< @)
a o
O
24b \
32 _
Cooling Outlet Cooling Inlet From
To Common Suction Line Common Liquid Line
FIG. 1

(57) Abstract: Disclosed is a climate control system for use with an indoor plant growing environment. The system includes an air
supply system and a refrigeration system. The refrigeration system utilizes a reheat coil in parallel with a condenser coil. In the airflow
path of the air supply system the reheat coil is positioned downstream of the cooling coil. The method of operating the climate control
system relies upon the input of set point values for enthalpy, dry bulb temperature and dew points into a controller. The controller
receives data from sensors within the plant growing environment and uses this data to manage the operation of a three-way valve,
supply fan speed, and compressor speed in order to maintain the indoor plant growing environment within an accepted range of each
of the three set points.
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CLIMATE CONTROL SYSTEM FOR INDOOR HORTICULTURE

BACKGROUND
[0001] Growing plants indoor on a large scale requires constant monitoring and control of
the indoor plant environment. In particular, one must maintain target conditions of temperature
and dew point in order to ensure plant health.
SUMMARY OF THE INVENTION

[0002] In one aspect this disclosure relates to an indoor plant growing system. The indoor
plant growing system includes an air supply system and a refrigeration system. The air supply
system includes a source of return air, a damper, an air supply fan, a cooling coil and a reheat
coil. The refrigeration system includes a compressor, a three-way valve, a condenser coil, as
well as the cooling coil and said reheat coil included in the air supply system. The reheat coil is
positioned in parallel with said condenser in said refrigeration system downstream of said
cooling coil in said air supply system. Additionally, the indoor plant growing system includes a
controller configured to manage the operation of the air supply system and the refrigeration
system, a plant environment and positioned within the plant environment is a dry bulb
temperature sensor, and a dew point sensor. The dry bulb temperature sensor and dew point
sensor provide data to the controller.

[0003] In another aspect, this disclosure relates to a method for maintaining the dry bulb
temperature, dew point and enthalpy within an indoor plant growing environment within an

accepted range of set point values. The method includes the steps of:
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establishing a set point value for the dry bulb temperature of the indoor plant growing
environment and establishing an accepted range above and below the dry bulb temperature set
point value;

establishing a set point value for the dew point of the indoor plant growing environment
and establishing an accepted range above and below the dew point set point value;

establishing a set point value for the enthalpy of the indoor plant growing environment
and establishing an accepted range above and below the enthalpy set point value;

monitoring the dry bulb temperature of the indoor plant growing environment with a dry
bulb temperature sensor;

monitoring the dew point of the indoor plant growing environment with a dew point
sensor;

providing the monitored values of dry bulb temperature and dew point to a controller and
said controller calculating the enthalpy of the indoor plant growing environment;

providing said indoor plant growing environment with an air supply system and a
refrigeration system;

using the controller to manage the operation of the air supply system and said
refrigeration system to maintain the dry bulb temperature within the accepted range above and
below the dry bulb temperature set point value;

using the controller to manage the operation of the air supply system and said
refrigeration system to maintain the dew point within the accepted range above and below the

dew point set point value; and,
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using the controller to manage the operation of the air supply system and said
refrigeration system to maintain the enthalpy within the accepted range above and below the
enthalpy set point value.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIG. 1 depicts the configuration of the air flow system of an environmental control
system of the present invention.
[0005] FIG. 2 depicts the refrigeration control system of an environmental control system of
the present invention.
[0006] FIG. 3 provides a process flow diagram of the logic used by the controller which
manages operation of the environmental control system.
[0007] FIG. 4 provides an exemplary psychrometric chart for operation of an environmental
control system.
[0008] FIG. 5 depicts a climate control system for growing plants indoor.
DETAILED DESCRIPTION

[0009] The climate control system 100 disclosed herein utilizes a controller 10 to manage the
operation of an air supply system 20 and a refrigeration system 30 associated with a plant
growing room 5 or building. As depicted in FIG. 5, air supply system 20 and refrigeration
system 30 are associated with room 5 or building used for growing plants, referred to herein as
the plant environment 5. Ducts, not shown, provide fluid communication between air supply
system 20 and refrigeration system 30 and plant environment 5. Although the following
discussion refers to a single air supply system 20 and a single refrigeration system 30, climate
control system 100 may include more than one of each system 20, 30 and the number of

components in each system 20, 30 will be determined by the size of plant environment 5. For
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example, a 15 ton refrigeration system 30 may require a single compressor 36. However, a 60
ton refrigeration system 30 will typically require four compressors 36.

[0010] Air supply system 20 includes an air source 22 of return air from plant environment 5
and/or outside air, a damper 24, an air supply fan 26, a cooling coil 32 and a reheat coil 34.
Refrigeration system 30 includes components common to air conditioning systems. As used
herein, supply air refers to air that has passed through climate control system 100 exiting through
air supply fan 26 and entering plant environment 5. Return air, provided by air source 22, refers
to either air from outside of plant environment 5 and/or air removed from plant environment 5
and returned to climate control system 100. Thus, air source 22 provides return air from either
source or a mixture of air from the outside of the plant environment 5 and air recycled from plant
environment 5.

[0011] In the configuration necessary to provide the desired control of the indoor
environment necessary for healthy plant growth, refrigeration system 30 has been configured
specifically to maintain the desired dry bulb temperature, dew point and enthalpy of plant
environment 5. In the configuration of the present invention, refrigeration system 30 includes a
cooling coil 32, reheat coil 34, a compressor 36, a three-way valve 38, a condenser coil 42, and a
condenser coil fan 44. Thus, as depicted in FIGS. 1 and 2, refrigeration system 30 shares cooling
coil 32 and reheat coil 34 with air supply system 20 as the air flow route through air supply
system 20 passes over or through cooling coil 32 and reheat coil 34. In one embodiment, cooling
coil 32 is divided into two portions 32a, 32b with each portion supplied with refrigerant from
condenser coil 42. Solenoid actuated valves 46a and 46b control the flow of refrigerant to each

portion of cooling coil 32.
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[0012] Controller 10 receives data from sensors and uses the received data to manage the
operation of damper 24, compressor 36, cooling coil 32, three-way valve 38, supply fan 26, and
condenser coil fan 44. Sensors associated with controller 10 include airflow rate sensor 18, dry
bulb temperature sensor 12 located in plant environment 5, sensed control head pressure 14
located at the input side of condenser coil 42 or output side of compressor 36 and dew point
sensor 16 located in plant environment 5. Airflow rate sensor 18 provides a differential pressure
reading across supply fan 26 to permit calculation of the airflow rate of the supply air produced
by climate control system 100.

[0013] Controller 10 manages operation of climate control system 100 to maintain set point
or target values for dry bulb temperature, dew point and enthalpy. Each set point value has an
allowed accepted range for deviation above and below the designated set point value. For dry
bulb temperature and dew point, the accepted range for deviation above and below the set point
value may be as great as 5°F or as small as 0.5°F depending on the plants in plant environment 5.
Typically, the “accepted range” above and below the set point value for dry bulb temperature and
dew point will be about 2°F. The accepted range for deviation above and below the set point
value for enthalpy may be as great as 5 Btu/lb or as small as 0.25 Btu/lb. Typically, the accepted
range for enthalpy will be about 1.5 Btu/lb. In general, the set point value for dry bulb
temperature may be between about 60°F and about 85°F. The set point value for dew point may
be between about 45°F and about 75°F. The set point value for enthalpy may be between about
20 Btu/lb and about 40 Btu/lb. For example, if the set point value for dry bulb temperature is
75°F with an “accepted range” of 2°F, then an acceptable dry bulb temperature will be between
73°F and 77°F. As explained in more detail below, if the dry bulb temperature is outside of the

accepted range, controller 10 will control operation of climate control system 100 to bring the
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dry bulb temperature back into the accepted range. Each set point value and the accepted
deviation range for each set point value will be entered into controller 10 by the user using a
control panel, not shown, associated with climate control system 100.

[0014] Sensed control head pressure allows controller 10 to determine the saturated
condensing temperature of the refrigerant in refrigeration system 30. In general, a predetermined
set point will be stored in controller 10 for the control head pressure of compressor 36. If dew
point sensor 16 provides a signal indicating that the sensed control head pressure 14 is below the
setpoint, then controller 10 will signal condenser coil fan 44 to slow down. If slowing of
condenser coil fan 44 does not alleviate the condition, then controller 10 will begin staging off
condenser coil 42. Likewise, if the sensed control head pressure is too high, then controller 10
will signal an increase in fan speed for condenser coil fan 44. If increasing the condenser coil fan
44 speed is insufficient, then controller 10 will signal staging on of condenser coil 42.

[0015] Through use of controller 10, climate control system 100 provides precise control
over the dry bulb temperature, dew point and enthalpy characteristics of plant environment 5. As
known to those skilled in the art, the enthalpy of a system can be calculated from the known
values of dry bulb temperature and relative humidity or from known values of dry bulb
temperature and dew point. Additionally, those skilled in the art recognize that relative humidity
can be determined from the dry bulb temperature and dew point. While those skilled in the art
will be familiar with the calculation of enthalpy, the following formulas are provided for
completeness.

[0016] Relevant psychrometric algorithms include:
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Wet Bulb
Can be determined using an iterative calculation with reference to the Humidity Ratio function.

Dew Point

Can also be determined using an iterative calculation with reference to the Saturated Humidity
Ratio function.

[0017] With reference to FIGS. 1 and 2, the configuration of climate control system 100
places reheat coil 34 in a parallel position relative to condenser coil 42; however, with reference
to the flow of supply air, reheat coil 34 is located after cooling coil 32. Thus, manipulation of
three-way valve 38 by controller 10 allows climate control system 100 to efficiently return heat
to the supply air after it has passed through cooling coil 32. This configuration improves control
over the dew point value of the supply air and the final dry bulb temperature of plant
environment 5.

[0018] In general, increasing the speed of compressor 36 will lower the temperature of
cooling coil 32 resulting in a lower enthalpy in the supply air. If the enthalpy is too high and an

increase in compressor speed does not sufficiently lower the enthalpy of plant environment 5

and only a portion 32a or 32b of cooling coil 32 is currently active, then controller 10 will

activate the appropriate solenoid actuated valve 46a or 46b to open and stage on the remaining

portion 32a or 32b of cooling coil 32 to further lower the enthalpy of supply air. When staging

on the remaining portion of cooling coil 32, controller 10 will typically increase the speed of
supply fan 26.

[0019] Conversely, if the enthalpy of plant environment 5 is too low, then controller 10 will
lower compressor speed. The compressor speed reduction will raise the temperature of cooling
coil 32 resulting in an increase in dry bulb temperature and/or dew point of the supply air.

[0020] Control over dry bulb temperature is provided by reheat coil 34. If plant environment

5 is at a lower temperature than desired, then heat supplied by reheat coil 34 may be added to the
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supply air to increase air temperature. If plant environment 5 has an enthalpy that is too high,
then control of cooling coil 32 through increase of compressor 36 speed will increase the
refrigeration capacity of the system and as a result will lower the enthalpy in plant environment
5. Subsequent use of the reheat coil 34 will return the overcooled supply air to the desired
temperature. Management of reheat coil 34 is controlled by controller 10 actuating three-way
valve 38. Thus, controller 10 uses three-way valve 38 to control the flow of refrigerant to both
condenser coil 42 and reheat coil 34 thereby managing overall temperature of plant environment
5.

[0021] If, according to the dry bulb temperature sensor, plant environment 5 is too cold, i.e.
the temperature is lower than the accepted range for the dry bulb temperature and the situation
cannot be remedied by addition of more heat to reheat coil 34 and/or reduction of compressor
speed, then controller 10 will direct either solenoid actuated valve 46a or 46b to close thereby
removing refrigerant from the corresponding portion 32a or 32b of cooling coil 32. Additionally,
in one embodiment damper 24 is a two-part damper which can be managed to block air flow to a
portion of cooling coil 32. Thus, in an overcooling situation, either portion 24a or 24b of damper
24 may close to preclude air flow over a portion of cooling coil 32. Generally, if section 32a of
cooling coil 32 is no longer receiving refrigerant due to the deactivation of solenoid actuated
valve 46a, then damper 24a will close blocking airflow to section 32a. Likewise, if solenoid
actuated valve 46b closes then damper 24b will close blocking airflow to section 32b of cooling
coil 32.

[0022] FIG. 3 provides an example of the process logic used by controller 10. As reflected
by FIG. 3, controller 10 manages operation of climate control system 100 by operation of three-

way valve 38, supply fan 26 and compressor 36. Portion A of FIG. 3 provides the logic for
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control of dry bulb temperature. For example at Al, if the dry bulb temperature determined by
dry bulb temperature sensor 12 is within an accepted range, then controller 10 will maintain the
present settings for reheat coil 34 by maintaining three-way valve 38 at its current position A2.
However, if controller 10 at A1 determines that the dry bulb temperature is outside of the
accepted set point range, then the process moves to A3. At A3, if the dry bulb temperature is
above the target set point by more than the accepted range, then controller 10 will direct three-
way valve 38 to incrementally close A4 thereby lowering reheat coil temperature. Conversely, if
the dry bulb temperature is below the target set point by more than the accepted range, then
controller 10 will direct three-way valve 38 to incrementally open AS thereby increasing reheat
coil temperature. Thus, controller 10 continuously monitors the dry bulb temperature sensor 12
and as necessary continues the incremental adjustment of three-way valve 38 to maintain dry
bulb temperature within the accepted range of the set point.

[0023] Portion B of FIG. 3 provides the logic used by controller 10 for managing operation
of supply fan 26 to provide control over the dew point within plant environment 5. As indicated
in FIG. 3, when the dew point is within an accepted range B1, then controller maintains the
current fan speed for supply fan 26 B2. However, if controller 10 at Alreceives data from dew
point sensor 16 indicating that the dew point is outside of the accepted set point range, then the
process moves to B3. At B3, if the dew point is above the accepted range, then controller 10 will
reduce the fan speed B4 of supply fan 26 thereby lowering air flow into plant environment 5.
However, if at B3 the controller receives data from dew point sensor 16 indicating that the dew
point is below the accepted range, then controller 10 will increase fan speed of supply fan 26 BS

thereby allowing the dew point to increase. Thus, controller 10 continuously monitors the data
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provided by dew point sensor 16 and as necessary adjusts the speed of supply fan 26 to maintain
the dew point within the accepted range of the set point.

[0024] Portion C of FIG. 3 provides the logic used by controller 10 for managing the
enthalpy within plant environment 5 through control of compressor 36. Control of compressor 36
manages the temperature of cooling coil 32. If at C1 the enthalpy value is within the accepted
range, then the speed of compressor 36 is maintained at the current speed C2. However, if the
enthalpy value is above the accepted range, then at C3 controller 10 will direct compressor 36 to
increase speed thereby lowering the temperature of cooling coil 32 C4. Conversely, if the
enthalpy value is below the accepted range, then at C3 controller 10 will direct compressor 36 to
decrease speed C5 thereby increasing the temperature of cooling coil 32. Controller 10
continuously monitors the data provided by dew point sensor 16 and dry bulb temperature sensor
to determine the enthalpy value within plant environment 5 and adjusts the speed of compressor
36 as needed to maintain the enthalpy value is within the accepted range of the enthalpy set
point.

[0025] With continued reference to the FIGS., examples of the operation of climate control
system 100 will further explain the configuration and function of climate control system 100.
[0026] FIG. 4 provides an exemplary psychrometric chart for operation of an environmental
control system. In this example, the dry bulb temperature set point is 75°F, the dew point set
point is 50°F and the enthalpy set point is 26.0 Btu/lb as represented by lines A, B and C
respectively on FIG. 4. The accepted range for dry bulb temperature set point is 1°F, for the dew
point set point is 1°F and for the enthalpy set point is 1 Btu/Ib.

[0027] For this first example, dry bulb temperature is 82°F, dew point temperature is 58°F

and enthalpy is 31.0 Btu/lb. Thus, each sensed and calculated value is greater than the upper
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limit of the respective accepted range. Therefore, controller 10 will direct operation of
compressor 36 to increase operational speed thereby lower the temperature of cooling coil 32 to
bring the enthalpy value down within the accepted range. Additionally, controller 10 will direct
supply fan 26 to decrease speed thereby reducing air flow through plant environment 5 to permit
a decrease in the dew point within plant environment 5. Finally, controller 10 will direct three-
way valve 38 to begin to close in order to lower the temperature of reheat coil 34 to bring the dry
bulb temperature value down within the accepted range.

[0028] For this second example, dry bulb temperature is 70°F, dew point temperature is S8°F
and enthalpy is 28.1 Btu/lb. Thus, the enthalpy and dew point values are greater than the upper
limit of the respective accepted range and the dry bulb temperature is lower than the lower limit
of the accepted range. Therefore, controller 10 will direct operation of compressor 36 to increase
operational speed thereby lower the temperature of cooling coil 32 to bring the enthalpy value
down within the accepted range. Additionally, controller 10 will direct supply fan 26 to decrease
speed thereby reducing air flow through plant environment 5 to permit a decrease in the dew
point within plant environment 5. Finally, controller 10 will direct three-way valve 38 to begin to
open in order to increase the temperature of reheat coil 34 to bring about an increase in the dry
bulb temperature to within the accepted range.

[0029] For this third example, dry bulb temperature is 63°F, dew point temperature is 53°F
and enthalpy is 24.5 Btu/lb. Thus, the enthalpy and dry bulb temperature values are lower than
the lower limit of the respective accepted range and the dew point is higher than the upper limit
of the accepted range. Therefore, controller 10 will direct operation of compressor 36 to decrease
compressor speed thereby allowing the temperature of cooling coil 32 to increase which will

result in an increase of the enthalpy value within plant environment 5 to the accepted range.
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Additionally, controller 10 will direct three-way valve 38 to begin to open in order to increase
the temperature of reheat coil 34 to bring about an increase in the dry bulb temperature to within
the accepted range. Finally, controller 10 will direct supply fan 26 to decrease speed thereby
reducing air flow through plant environment 5 to permit a decrease in the dew point within plant
environment 5.

[0030] For this fourth example, dry bulb temperature is 68°F, dew point temperature is 42°F
and enthalpy is 22.5 Btu/lb. Thus, each value is lower than the lower limit of the respective
accepted range. Therefore, controller 10 will direct operation of compressor 36 to decrease
compressor speed thereby allowing the temperature of cooling coil 32 to increase which will
result in an increase of the enthalpy value within plant environment 5 to the accepted range. To
increase the dew point within plant environment 5, controller 10 will direct supply fan 26 to
increase speed thereby increasing air flow through plant environment 5. Finally, controller 10
will direct three-way valve 38 to begin to open in order to increase the temperature of reheat coil
34 to bring about an increase in the dry bulb temperature to within the accepted range.

[0031] For this fifth example, dry bulb temperature is 80°F, dew point temperature is 38°F
and enthalpy is 24.5 Btu/lb. Thus, the enthalpy and dew point values are lower than the lower
limit of the respective accepted range and the dry bulb temperature is higher than the upper limit
of the accepted range. Therefore, controller 10 will direct supply fan 26 to increase speed thereby
increasing air flow through plant environment 5 to lower the dew point within plant environment
5. Additionally, controller 10 will direct three-way valve 38 to begin to close in order to lower
the temperature of reheat coil 34 to bring the dry bulb temperature value down within the

accepted range. Finally, controller 10 will direct operation of compressor 36 to decrease
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compressor speed thereby allowing the temperature of cooling coil 32 to increase which will
result in an increase of the enthalpy value within plant environment 5 to the accepted range.
[0032] For this sixth example, dry bulb temperature is 87°F, dew point temperature is 45°F
and enthalpy is 27.8 Btu/lb. Thus, the enthalpy and dry bulb temperature values are higher than
the upper limit of the respective accepted range and the dew point is lower than the lower limit of
the accepted range. Therefore, controller 10 will direct operation of compressor 36 to increase
operational speed thereby lowering the temperature of cooling coil 32 to bring the enthalpy value
down within the accepted range. Additionally, controller 10 will direct three-way valve 38 to
begin to close in order to lower the temperature of reheat coil 34 to bring the dry bulb
temperature value down within the accepted range. Finally, controller 10 will direct supply fan
26 to increase speed thereby increasing air flow through plant environment 5 to increase the dew
point within plant environment 5.

[0033] In each of the above examples, controller 10 will continue to monitor the dry bulb
temperature sensor 12, the dew point sensor 16 and to calculate the enthalpy of plant
environment 5 based on the monitored values. Controller 10 will continuously monitor the
sensed values and calculated values and adjust the operation of compressor 36, supply fan 26 and
three-way valve 38 to maintain the respective values in the accepted range of the selected set
points. Additionally, as noted above, when manipulation of these components is insufficient,
controller 10 may further manage the operation of solenoid actuated valves 46a, 46b and
dampers 24a, 24b to manage dry bulb temperature and/or enthalpy through increasing the
temperature of cooling coil 32.

[0034] Other embodiments of the present invention will be apparent to one skilled in the art.

As such, the foregoing description merely enables and describes the general uses and methods of
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the present invention. Accordingly, the following claims define the true scope of the present

invention.
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What is claimed is:
1. An indoor plant growing system comprising:

an air supply system, said air supply system includes a source of return air, a damper, an
air supply fan, a cooling coil and a reheat coil;

a refrigeration system, said refrigeration system includes a compressor, a three-way
valve, a condenser coil, said cooling coil and said reheat coil, said reheat coil positioned in
parallel with said condenser in said refrigeration system; and,

wherein said reheat coil is positioned downstream of said cooling coil in said air supply
system.

2. The climate control system of claim 1, further comprising:

a controller configured to manage the operation of the air supply system and the
refrigeration system;

a plant environment;

positioned within the plant environment is a dry bulb temperature sensor, and a dew
point sensor, said dry bulb temperature sensor and said dew point sensor in communication with
said controller.

3. The indoor plant growing system of claim 2, wherein said source of return air is air from
the plant environment.

4. The indoor plant growing system of claim 2, wherein said source of return air is outside
of said plant environment.

5. The indoor plant growing system of claim 2, wherein said source of return air is a
combination of air from outside of said plant environment and air recycled from the plant

environment.

-17-



WO 2020/102400 PCT/US2019/061245

6. The indoor plant growing system of claim 2, wherein said cooling coil is divided into
two portions, a first portion and a second portion, and wherein a refrigerant flows from said
condenser coil to each portion of said cooling coil.
7. The indoor plant growing system of claim 6, further comprising a first solenoid actuated
valve and a second solenoid actuated valve, said first solenoid actuated valve controls flow of
refrigerant from said condenser coil to said first portion of said cooling coil and said second
solenoid actuated valve controls flow of refrigerant from said condenser coil to said second
portion of said cooling coil.
8. The indoor plant growing system of claim 6, wherein said damper has a first portion and
a second portion and wherein each portion may be independently opened or closed.
0. A method for maintaining the dry bulb temperature, dew point and enthalpy within an
indoor plant growing environment comprising:

establishing a set point value for the dry bulb temperature of the indoor plant growing
environment and establishing an accepted range above and below the dry bulb temperature set
point value;

establishing a set point value for the dew point of the indoor plant growing environment
and establishing an accepted range above and below the dew point set point value;

establishing a set point value for the enthalpy of the indoor plant growing environment
and establishing an accepted range above and below the enthalpy set point value;

monitoring the dry bulb temperature of the indoor plant growing environment with a dry
bulb temperature sensor;

monitoring the dew point of the indoor plant growing environment with a dew point

Sensor;
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providing the monitored values of dry bulb temperature and dew point to a controller and
said controller calculating the enthalpy of the indoor plant growing environment;

providing said indoor plant growing environment with an air supply system and a
refrigeration system;

using the controller to manage the operation of the air supply system and said
refrigeration system to maintain the dry bulb temperature within the accepted range above and
below the dry bulb temperature set point value;

using the controller to manage the operation of the air supply system and said
refrigeration system to maintain the dew point within the accepted range above and below the
dew point set point value; and,

using the controller to manage the operation of the air supply system and said
refrigeration system to maintain the enthalpy within the accepted range above and below the
enthalpy set point value.
10. The method of claim 9, wherein said refrigeration system comprises:

a compressor, a three-way valve, a condenser coil, a cooling coil and a reheat coil
positioned in parallel with said condenser coil; and,

said method further comprising the step of directing said three-way valve to
incrementally close thereby lowering the temperature of the reheat coil when the monitored dry
bulb temperature is greater than the accepted range for the dry bulb temperature set point value.
11. The method of claim 9, wherein said refrigeration system comprises:

a compressor, a three-way valve, a condenser coil, a cooling coil and a reheat coil

positioned in parallel with said condenser coil; and,
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said method further comprising the step of directing said three-way valve to
incrementally open thereby raising the temperature of the reheat coil when the monitored dry
bulb temperature is less than the accepted range for the dry bulb temperature set point value.
12. The method of claim 9, wherein said refrigeration system comprises:
a compressor, a three-way valve, a condenser coil, a cooling coil and a reheat coil
positioned in parallel with said condenser coil; and,
said method further comprising the step of directing said compressor to increase
operational speed thereby lowering the temperature of the cooling coil when the calculated
enthalpy value is greater than the accepted range for the enthalpy set point value.
13. The method of claim 9, wherein said refrigeration system comprises:
a compressor, a three-way valve, a condenser coil, a cooling coil and a reheat coil
positioned in parallel with said condenser coil; and,
said method further comprising the step of directing said compressor to decrease
operational speed thereby increasing the temperature of the cooling coil when the calculated
enthalpy value is lower than the accepted range for the enthalpy set point value.
14. The method of claim 9, wherein said refrigeration system comprises:
a compressor, a three-way valve, a condenser coil, a cooling coil, a reheat
coil positioned in parallel with said condenser coil and downstream of said
cooling coil, a first solenoid actuated valve controlling flow of refrigerant to a
first portion of said cooling coil and a second solenoid actuated valve controlling
flow of refrigerant to a second portion of said cooling coil;

said air supply system comprises:
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a source of return air, a first damper portion and a second damper portion,
said first and second damper portions independently operable, and an air supply
fan; and,

said method further comprising the steps of:

directing said compressor to decrease operational speed thereby
increasing the temperature of the cooling coil when the calculated enthalpy value
is lower than the accepted range for the enthalpy set point value; and,

directing said first solenoid actuated valve to close thereby removing
refrigerating from said first portion of said cooling coil and allowing said cooling
coil to increase in temperature.

15. The method of claim 14, further comprising the step of closing said first damper portion.
16. The method of claim 9, wherein said air supply system comprises:

return air, a damper and an air supply fan; and,

said method further comprising the step of directing said air supply fan to decrease speed
when the monitored dew point is greater than the accepted range for the dew point set point
value thereby lowering the dew point within the indoor plant growing environment.
17. The method of claim 9, wherein said air supply system comprises:

return air, a damper and an air supply fan; and,

said method further comprising the step of directing said air supply fan to increase speed
when the monitored dew point is less than the accepted range for the dew point set point value

thereby increasing the dew point within the indoor plant growing environment.
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