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Improved Air Conditioning System

Field of the Invention
The present disclosure is directed to the field of air conditioning units and systems, more

specifically to the field of commercial air conditioning units and systems.

Background of the Invention
Heating, Ventilation and Air Conditioning (HVAC) systems are used primarily to control air
temperature within heavily occupied or heat loaded enclosed spaces. Typically the primary

function of HVAC systems is space cooling.

Although they can also be used for space heating, the heating functionality of HVAC systems
is typically used to rewarm air which has been chilled below comfortable levels before it is

reintroduced into an occupied / process space.

HVAC systems work by extraction of air from a space and passing it across a cooling coil
which reduces both the air temperature and humidity (humidity through the formation of
condensation on contact of the warm air with the cold surface of the cooling coil). This cooled
air is then filtered and reintroduced through an air handling unit which comprises a fan and a
heating element, which is used to rewarm the air to a comfortable level for the space being
conditioned. The recycled air can also be blended with 'fresh' outside air as it passes through
the system to reduce energy consumption and ensure adequate oxygen content in the air for

occupied spaces.

The most common problem associated with air conditioned spaces for human occupation is
lack of humidity in the conditioned air leading to health issues, the problem with conventional
HVAC in horticultural applications is the lack of ability to manipulate the humidity of the

environment, while maintaining a suitable temperature for growth.

Conventional HVAC systems operate chillers in a binary mode, where the goal is to maintain
a set surface temperature of the cooling coil. If any cooling is required, this surface
temperature is maintained, if it is not then the cooling coil is left uncontrolled. Actual
temperature in the space is maintained primarily by varying the airflow through the system
(more flowing air produces a cooler environment), with fine control being achieved by blending

of outside air and limited use of the heating coil.
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However, due to the inherent loss of humidity in conventional systems, there remains a need
forimproved HVAC systems that can provide efficient air cooling whilst controlling the humidity
of the air.

Accordingly, at least some aspects of the present disclosure are aimed at providing an

improved HVAC system.

Summary of the Invention
According to a first aspect there is provided a heating, ventilation and air conditioning (HVAC)
system for conditioning air within a chamber, the system comprising:

an inlet,

an outlet, and

a conditioning unit,
the conditioning unit comprising a fan configured to urge air into the system from the chamber
via the inlet and out of the system into the chamber via the outlet, and a heat exchanger
configured to exchange heat with the air within the conditioning unit,

wherein during operation, air is urged through conditioning unit by the fan such that
heat is exchanged between the air and the heat exchanger, wherein the fan is configured to
vary the flow rate of air urged through the conditioning unit to thereby control the amount of

heat transferred between the air and the heat exchanger.

The heat exchanger may be configured such that the temperature of the heat exchanger is
adjustable. Accordingly, the temperature of the heat exchanger can be controlled and
adjusted such that the heat exchanged between the air and the heat exchanger is controlled
and the degree of dehumidification of the air is controlled. Therefore, the HVAC system may
be configured to reduce the humidity of the air passing through the conditioning unit by
adjusting the temperature of the heat exchanger below the dew point of the air. For example,
if dehumidification is required, the temperature of the heat exchanger may be reduced to below
the dew point of the air to induce condensation when the air contacts the heat exchanger. If
dehumidification of the air is not required, the temperature of the heat exchanger may be
increased above the dew point of the air to ensure that condensation does not occur on the

heat exchanger.

The heat exchanger may be configured such that the temperature of the surface of the heat
exchanger is adjustable. Accordingly, the temperature of the surface that contacts the air
within the conditioning unit can be controlled and adjusted such that the heat exchanged

between the air and the heat exchanger is controlled and the degree of dehumidification of
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the air is controlled. For example, if dehumidification is required, the temperature of the
surface of the heat exchanger may be reduced to below the dew point of the air to induce
condensation when the air contacts the surface of the heat exchanger. If dehumidification of
the air is not required, the temperature of the surface of the heat exchanger may be increased
above the dew point of the air to ensure that condensation does not occur on the surface of

the heat exchanger.

The heat exchanger may be a cooling coil. The cooling coil may be a hollow element
comprising a material that is a good conductor of heat. The cooling coil may be metallic. The

cooling coil may comprise copper, iron, steel, or another metallic heat conducting material.

The heat exchanger may comprise a plurality of cooling fins. The cooling fins may provide a
greater surface area to the heat exchanger to thereby improve the efficiency of heat exchange

between air passing through the conditioning unit and the heat exchanger.

The heat exchanger may contain a coolant. The coolant may flow through the heat exchanger.
The coolant may absorb heat from the heat exchanger and transport that heat away from the
heat exchanger. Accordingly, the heat exchanger may be configured to absorb heat from air

in the conditioning unit to thereby cool the air in the conditioning unit.

The coolant may be water. Alternatively, the coolant may be air, oil, or glycerol, for example.

The temperature of the heat exchanger may be controlled by varying the coolant temperature.
The conditioning unit may comprise a coolant reservoir and during use coolant may flow
between the coolant reservoir and the heat exchanger. The conditioning unit may comprise a
coolant pump. The coolant pump may pump coolant between the coolant reservoir and the
heat exchanger. The coolant reservoir may contain a reservoir heat exchanger. Accordingly,
the reservoir heat exchanger may be configured to receive heat from or transfer heat to the
coolant retained within the coolant reservoir. The reservoir heat exchanger may be a
thermoelectric device or a Peltier device, for example. Alternatively, the reservoir heat
exchanger may be an air-cooled heat exchanger.

The conditioning unit may comprise a secondary heat exchanger. The secondary heat
exchanger may receive coolant from the coolant reservoir and return coolant to the coolant
reservoir. The conditioning unit may comprise a secondary coolant pump configured to pump
coolant between the coolant reservoir and the secondary heat exchanger. The secondary

heat exchanger may be configured to transfer heat to or receive heat from coolant from the
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coolant reservoir to thereby adjust the temperature of the coolant within the coolant reservoir.
The secondary heat exchanger may comprise a compressor circuit and the secondary heat
exchanger may comprise a refrigerant. The secondary heat exchanger may comprise a
thermoelectric device or a Peltier device. Alternatively, the secondary heat exchanger may

be an air-cooled heat exchanger, or a refrigerant gas heat exchanger.

The temperature of the heat exchanger may controlled by varying the flow rate of coolant
through the heat exchanger. Accordingly, if the temperature of the heat exchanger is to be

reduced, the flow rate of coolant through the heat exchanger may be increased.

The temperature of the heat exchanger may be controlled by varying the coolant temperature

and by varying the flow rate of coolant through the heat exchanger.

The HVAC system may further comprise a controller, one or more sensors adjacent to the
inlet, and one or more sensors adjacent to the outlet, and during use the controller may be
configured to (i) receive signals from the one or more sensors adjacent to the inlet and the
one or more sensors adjacent to the outlet, (ii) determine whether the air entering the inlet is
at a target temperature, and/or a target humidity and (iii) adjust the fan speed such that the air
contacts the heat exchanger to transfer heat between the heat exchanger and the air to

thereby reach the target temperature and/or humidity.

In embodiments where the temperature of the heat exchanger or the surface of the heat
exchanger is adjustable, wherein the conditioning unit further comprises a controller, one or
more sensors adjacent to the inlet, and one or more sensors adjacent to the outlet, and during
use the controller is configured to (i) receive signals from the one or more sensors adjacent to
the inlet and the one or more sensors adjacent to the outlet, (ii) determine whether the air
entering the inlet is at the target temperature, and/or the target humidity, (iii) adjust the fan
speed such that the air contacts the heat exchanger to transfer heat between the heat
exchanger and the air to thereby reach the target temperature, and (iv) adjusts the

temperature of the heat exchanger to thereby reach the target humidity.

The one or more sensors may be configured to record the temperature of air contacting the
sensor. The one or more sensors may be configured to record the humidity of air contacting
the or each sensor. The one or more sensors may be configured to record the pressure of
the air contacting the or each sensor. The one or more sensors may comprise a temperature
sensor. The one or more sensors may comprise a humidity sensor. The one or more sensors

may comprise a pressure sensor. Alternatively, the one or more sensors may comprise a
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sensor configured to record or determine temperature, and/or humidity and/or pressure of air

contacting the sensor.
Typically, the one or more sensors comprise a temperature sensor and a humidity sensor.

As used herein, the term “humidity” is intended to refer to relative humidity. Relative humidity
is typically expressed as a percentage and indicates a humidity relative to a maximum humidity

for air at a given temperature.

The controller may calculate the dew point of the air entering the inlet of the HVAC system.
The controller may use the temperature and relative humidity of the air as determined by the
one or more sensors to calculate the dew point of the air entering the inlet of the HVAC system.

For example, the controller may use the formula:

100 — RH
5

po ~
where Tgp is the dew point temperature of the air in degrees C, T is the determined temperature

of the air in degrees C, and RH is the determined relative humidity of the air as a percentage.

Alternatively, the controller may store a lookup table of values of dew point for air for given
temperatures and/or humidities, and the controller may use the values within the lookup table

to determine the dew point of the air.

The HVAC system may comprise a steriliser. The steriliser may be an ultraviolet (UV)
steriliser. The UV steriliser may irradiate air entering the inlet of the HVAC system with UV
radiation. The UV steriliser may irradiate air exiting the outlet of the HVAC system with UV
radiation. The UV steriliser may irradiate air entering the inlet and exiting the outlet of the
HVAC system with UV radiation.

The HVAC system may comprise a vent. Accordingly, in embodiments comprising one or
more pressure sensors, if during use it is determined that the pressure within the HVAC
system has exceeded a target pressure or an upper threshold pressure, the vent may be
opened to release air out of the HVAC system to thereby reduce the pressure within the HVAC
system. Once the pressure has been determined to be at the target pressure, or to be

otherwise acceptable the vent may be closed.
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The HVAC system may comprise an external inlet. Accordingly, in embodiments comprising
one or more pressure sensors, if during use it is determined that the pressure within HVAC
system has dropped below a target pressure or a lower threshold pressure, the external air
inlet may be opened and air from outside of the HVAC system may be drawn into the HVAC
system to thereby raise the pressure. Once the pressure has been determined to be at the
target pressure or has exceeded the lower threshold pressure, the external inlet may be
closed. The HVAC system may comprise a positive pressure unit. The positive pressure unit
may comprise a charging fan, an external inlet and an outlet. The outlet may be in fluid
communication with the conditioning unit such that air urged by the charging fan from the
external inlet passes into the conditioning unit. The charging fan may be configured to
increase the pressure within the chamber. The charging fan may be configured to maintain
the pressure within the chamber to compensate for any leaks within the chamber that allows
the pressure within the chamber to decrease. In embodiments comprising a charging fan, the
HVAC system may not comprise a vent and any excess pressure may be relieved by reducing

the speed of the charging fan to thereby allow the pressure within the chamber to reduce.

The external inlet may comprise a filter. The filter may be configured to remove particulates
that may be present in air that is brought through the external inlet. Accordingly, air entering
the HVAC system may be substantially free of particulates, thereby minimising particulate

contamination within the system.

The HVAC system is typically incorporated within an internal space. For example, the HVAC
system may be installed within an office building or retail building. In a preferred embodiment,
the HVAC system is incorporated within an internal farm, such as a greenhouse, or vertical

growth tower.

Typically, in embodiments where the HVAC system is installed within an internal farm, a
positive pressure is maintained within the chamber by the HVAC system. Accordingly, the
pressure within the chamber is maintained at a value that is greater than the pressure outside
the chamber. As a result, the infiltration of the chamber by pests or contaminants may be

reduced.

In embodiments where the HVAC system is incorporated within a greenhouse or vertical
growth tower the plants grown within the greenhouse or vertical growth tower produce heat
and transpire, thereby raising the humidity of the air within the greenhouse or vertical growth

tower. Accordingly, the HVAC system of the present aspect is typically used to reduce the
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humidity of the air within the greenhouse or growth tower, and to cool the air within the

greenhouse or vertical growth tower.

Accordingly, in a second aspect there is provided an enclosed space comprising the HVAC

system according to the first aspect.

The enclosed space may be a greenhouse or vertical growth tower. The enclosed space may
be an office space. The enclosed space may be a retail space, such as a shop, supermarket
or similar. The enclosed space may be an industrial space such as a factory, assembly line
or similar. The enclosed space may be a commercial space such as a hotel, hostel, shopping
mall or similar. The enclosed space may be a domestic space such as a home or block of

apartments or flats, for example.

In embodiments where the enclosed space is a vertical growth tower, the vertical growth tower
may comprise a stack comprising a plurality of growth trays upon which plants may grow in
the stack. The HVAC system may comprise an outlet conduit extending from the conditioning
unit and the outlet conduit may comprise a plurality of outlets. One outlet within the plurality
of outlets may be associated with one growth tray within plurality of growth trays in the stack
such that each growth tray within the plurality of growth trays is associated with a separate
outlet. The HVAC system may comprise an inlet conduit extending from the conditioning unit
to the stack. The inlet conduit may comprise a plurality of inlets. One inlet within the plurality
of inlets may be associated with one growth tray within the plurality of growth trays in the stack
such that each growth tray within the plurality of growth trays is associated with a separate
inlet. Alternatively, one inlet within the plurality of inlets may be associated with a group of

growth trays within the plurality of growth trays.

In some embodiments the HVAC system and enclosed space may form a closed loop such
that a fixed or substantially fixed volume of air is conditioned continually within the enclosed
space. As a result, the HVAC system may be required to only address changes in the
temperature and/humidity of the air that are produced within the enclosed space. Accordingly,
the HVAC system may require less energy to condition the air within the enclosed space when

compared to open spaces, for example.

According to a third aspect there is presented a method of conditioning air within a closed
space using the HVAC system of the first aspect, the method comprising the steps:
(a) providing a HVAC system comprising an inlet, an outlet, and a conditioning unit,

the conditioning unit comprising a fan configured to urge air into the system from the
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chamber via the inlet and out of the system into the chamber via the outlet, and a heat
exchanger configured to exchange heat with the air within the conditioning unit, a
controller, a first plurality of sensors adjacent to the inlet of the HVAC system;

(b) setting one or more target values selected from the group humidity and
temperature;

(c) the controller receiving one or more readings from the first plurality of sensors
and determining system values selected from the group humidity and temperature;
(d) the controller comparing the system values with the target values and
determining the difference between the target values and the system values;

(e) the controller adjusting the fan speed and/or the temperature of the heat
exchanger to adjust the heat exchanged between air in the conditioning unit and the
heat exchanger and/or to adjust the humidity of the air;

) repeating steps (c) to (e) until the system values are equal to the target values,
or until the system values are within a predetermined range of values around the target

values.

If the controller determines the system humidity to be higher than the target value, the heat
exchanger temperature may be reduced to reduce the humidity of the air passing through the

conditioning unit.

If the controller determines the system humidity to be lower than the target value or is at the
target value, the temperature of the heat exchanger may be increased to be above the dew
point of the air such that dehumidification does not occur and therefore the humidity of the air

remains substantially the same.

In some embodiments the temperature of the heat exchanger may remain constant and the
speed of the fan may be varied to thereby control the speed at which the air is urged or driven
through the conditioning unit of the HVAC system. Varying the speed at which the air is urged
or driven through the conditioning unit may vary the heat transferred between the heat

exchanger and the air to thereby control the amount of cooling or heating of the air.
Brief Description of the Figures
Embodiments of the present invention will now be described, by way of non-limiting example,

with reference to the accompanying drawings.

Figure 1: A plan view of a HVAC system according to an embodiment;
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Figure 2: A side plan view of a vertical growth tower including a HVAC system according to
an embodiment;

Figure 3: A plan view of a HVAC system according to an embodiment;

Figure 4: A side plan view of a vertical growth tower including a HVAC system according to
an embodiment;

Figure 5: A plan view of a HVAC system according to an embodiment;

Figure 6: An example algorithm for controlling the temperature in a vertical growth tower
comprising a HVAC system according to an embodiment; the dashed line indicates waiting for
a predetermined period before performing the action; subroutines that run at all times, (1) fan
control — speed control on the fan to maintain sensor 3 (S3) — sensor 4 (S4) = delivery pressure
setpoint (2) maintain valve opening offsets to each other (e.g. valve 2 always 10% more open
than valve 1);

Figure 7: A schematic view of a positive pressure unit;

Figure 8: A side plan view of a commercial space including a HVAC system according to an
embodiment; and

Figure 9: An example algorithm for controlling the temperature in a commercial space

comprising a HVAC system according to an embodiment.

Detailed Description

While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.

To facilitate the understanding of this invention, a number of terms are defined below. Terms
defined herein have meanings as commonly understood by a person of ordinary skill in the
areas relevant to the present invention. Terms such as "a", "an" and "the" are not intended to
refer to only a singular entity, but include the general class of which a specific example may
be used for illustration. The terminology herein is used to describe specific embodiments of

the invention, but their usage does not delimit the invention, except as outlined in the claims.

Example 1
With reference to Figures 1 and 2 there is provided a vertical growth tower 1 comprising an

array 2 of growth trays 4 arranged in a stack. Each growth tray 4 in the array 2 of growth trays
has an array of LEDs (not shown) positioned on the underside of the growth tray 4 to provide

light to the growth tray below it in the array. Adjacent to the array 2 of growth trays is a first
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conduit 6 from an HVAC system 8 having an outlet 10 associated with each growth tray 4
directing conditioned air to that growth tray. Each outlet 10 in the conduit comprises a valve
12 to control the flow of air out of the first conduit 6 to the associated growth tray. Adjacent to
the array 2 of growth trays is a second conduit 14 to the HVAC system 8 having an inlet 16

associated with each growth tray 4 drawing air from that growth tray.

The HVAC system 8 comprises an inlet 18, an outlet 20, a controller 22, an external intake
valve 24, an external vent 26 and a conditioning unit 28. The inlet 18 is connected to the
second conduit 14 and the outlet 20 is connected to the first conduit 6. The conditioning unit
28 comprise a variable speed fan 30, a cooling coil 32 (acting as a heat exchanger), a coolant
reservoir 34 containing water (acting as a coolant), a coolant heating/cooling unit 36 and a
coolant pump 38. During use, air is drawn into the conditioning unit 28 via the inlet 18 by the
variable speed fan 30, contacts the cooling coil 32 and passes out of the conditioning unit 28
via the outlet 20. Coolant is pumped through the cooling coil 32 by the coolant pump 38 in a

circuit from the coolant reservoir 34 to the cooling coil 32 and back again.

The inlet 18 comprises a temperature sensor 40a, a humidity sensor 40b and a pressure
sensor 40c¢, and the outlet 20 comprises a temperature sensor 42a, a humidity sensor 42b
and a pressure sensor 42c. The controller 22 of the HVAC system 8 receives signals from
the sensors of the inlet (40a, 40b, 40c) and the outlet (42a, 42b, 42c) of the HVAC system 8.

During use, the vertical growth tower 1 generates heat from the arrays of LEDs, and from the
plants growing in the growth trays themselves. In addition, the plants growing in the trays

transpire, thereby raising the humidity of the air in each tray.

Therefore, the HVAC system 8 is typically required to reduce the humidity of the air and to
cool the air passing through the conditioning unit 28 of the HVAC system 8.

Accordingly, a target temperature, a target humidity and a target pressure are set for the
vertical growth tower. The dew point for the air passing entering the inlet is determined by the
controller 22 from the measured relative humidity and temperature recorded by the
temperature sensor 40a and humidity sensor 40b at the inlet 18. During normal operation, the
temperature of air entering the inlet 18 is higher than the target temperature for the tower 1,
and therefore, the fan 30 urges the air through the conditioning unit 28 to contact the cooling
coil 32 to thereby reduce the temperature of the air to the target temperature. The humidity of
the air entering the inlet 18 is also often higher than the target humidity, and therefore the

temperature of the cooling coil 32 is set to be below the determined dew point for the air
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entering the inlet 18 such that water condenses out of the air upon contact with the surface of
the cooling coil 32 to thereby reduce the humidity of that air.

However, if the air entering the inlet 18 has a humidity that is approximately equal to the target
humidity, the cooling coil temperature is maintained above the determined dew point for the
air such that substantially no condensation occurs, and therefore the humidity level of the

conditioned air is thereby maintained.

Accordingly, unlike conventional HVAC systems where the cooling coil has a fixed
temperature, the air is not cooled, dehumidified, rehumidified and reheated to attain the target
temperature and humidity, and therefore, the HVAC system of this example is more efficient

than conventional HVAC systems.

Typically, the HVAC system maintains the temperature within the vertical growth tower within
the range 23°C to 32°C. The HVAC system maintains the humidity within the vertical growth
tower within the range 50% to 80% relative humidity. The HVAC system maintains the

pressure within the vertical growth tower to be approximately 10Pa above ambient pressure.

If the pressure at the inlet 18 is determined to be less than the target pressure range, the
external intake valve 24 is opened to draw additional air into the HVAC system to increase the

pressure until the target pressure is reached.

In an alternative embodiment with reference to Figure 4, the vertical growth tower 130
comprises an array of inlets 140 and an array of outlets 146 that comprise fewer outlets
respectively than the number of growth trays 134 in the array of growth trays 132. Accordingly,
a given inlet within the array of inlets 140 is associated with one growth tray 134, and a given

outlet 146 within the array of outlets is not associated with any one growth tray 134.

In a further alternative embodiment, with reference to Figure 7 the vertical growth tower 1
comprises a positive pressure unit 200 comprising a charging fan 202, an external intake valve
204, and an outlet 206 to the vertical growth tower 1, and the vertical growth tower 1 does not
comprise an external vent, and the charging fan 202 is configured to maintain the pressure
within the vertical growth tower 1. During use, if the pressure at the inlet 18 is determined to
be greater than the target pressure range, the speed of the charging fan 202 is reduced to
thereby allow the pressure within the vertical growth farm 1 to be reduced. If the pressure at
the inlet 18 is determined to be less than the target pressure range, the speed of the charging

fan 202 is increased to thereby increase the pressure within the vertical growth farm 1.
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Example 2
In an alternative embodiment with reference to Figure 3, an HVAC system 100 comprises an

inlet 102, an outlet 104, a controller 106, and a conditioning unit 108. The conditioning unit
108 comprise a variable speed fan 110, a cooling coil 112 (acting as a heat exchanger), a
coolant reservoir 114 containing water (acting as a coolant), and a coolant pump 116. During
use, air is drawn into the conditioning unit 108 via the inlet 102 by the variable speed fan 110,
contacts the cooling coil 112 and passes out of the conditioning unit 108 via the outlet 104.
Coolant is pumped through the cooling coil 112 by the coolant pump 116 in a circuit from the
coolant reservoir 114 to the cooling coil 112 and back again. An inlet valve 122a and outlet
valve 122b control the flow rate of water between the cooling coil 112 and reservoir 114.
Temperature sensors 124a and 124b measure the temperature of the water flowing from the
cooling coil and to the cooling coil respectively. The temperature of the cooling coil is
controlled by opening or closing the inlet valve 122a and/or the outlet valve 122b in response
to the temperature of the cooling water as measured by the temperature sensors 124a and
124b.

The inlet 102 comprises a temperature sensor 118a, and a humidity sensor 118b, and the
outlet 104 comprises a temperature sensor 120a, a humidity sensor 120b. The controller 106
of the HVAC system 100 receives signals from the sensors of the inlet (118a, 118b) and the
outlet (120a, 120b) of the HVAC system 100.

Prior to use, a target temperature, and a target humidity are set for the HVAC system 100.
The dew point for the air passing entering the inlet 102 is determined by the controller 106
from the measured relative humidity and temperature recorded by the temperature sensor
118a and humidity sensor 118b at the inlet 102. During normal operation, the temperature of
air entering the inlet 102 is higher than the target temperature, and therefore, the fan 110
urges the air through the conditioning unit 108 to contact the cooling coil 112 to thereby reduce
the temperature of the air to the target temperature. In some instances, the flow rate of the
coolant flowing through the cooling coil 112 may be changed to increase or reduce the rate at
which heat is transferred between the air and cooling coil 112. If the humidity of the air entering
the inlet 102 is determined to be higher than the target humidity the temperature of the cooling
coil 112 is set to be below the determined dew point for the air entering the inlet 102 by
increasing the flow rate of coolant flowing through the cooling coil 112 such that water
condenses out of the air upon contact with the surface of the cooling coil 112 to thereby reduce

the humidity of that air. If the humidity of the air entering the inlet 102 is determined to be at
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or lower than the target humidity the temperature of the cooling coil 112 is set to be above the

determined dew point for the air entering the inlet 102.

The HVAC system may be used to condition the air of any enclosed space, such as that within
an office building, an office space, an industrial building, a commercial building such as a hotel
or similar, or within domestic buildings. The HVAC system may also be used to condition the

air in an indoor growing environment, such as a greenhouse or a vertical farm.

Example 3
The HVAC systems described herein may be operated manually, where the temperature of
the cooling coil and the speed of the variable fan are set and adjusted until the desired

temperature and humidity are reached and maintained.

The HVAC systems described herein may also be operated automatically, where the controller
makes any necessary adjustments of the fan speed and cooling coil temperature in

accordance with a program or algorithm stored in the memory of the controller.

A vertical growth tower 1 according to Example 1 further comprises a valve 44 associated with
the outlet 10 associated with each growth tray 4 and the valve 44 can be variably opened or
closed during use to control the flow of air into the associated growth tray 4. |n addition, the
vertical growth tower comprises a temperature sensor 46a, a humidity sensor 46b and

pressure sensor 46¢.

An example algorithm for controlling the temperature in the vertical growth tower is shown in

Figure 6.

Prior to operation the target conditions for the vertical growth tower 1 are set, including the
target temperature (tower demand temp), the target humidity and target pressure. The
controller then checks whether the temperature as recorded by the temperature sensor 46a

meets the target temperature within 1°C.

If the tower temperature does meet the target temperature the algorithm returns to the
checking state. If the tower temperature does not meet the target temperature, the controller
determines whether the tower temperature is above the target temperature or below the tower

target temperature.
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If the tower temperature is above the target temperature, the controller checks to determine
whether any of the outlet valves 44 are 100% open. If no outlet valves are 100% open, all
outlet valves are opened a further 5% and the algorithm checks whether the tower temperature
meets the target temperature within 1 degree after pausing for 15 minutes. If any of the outlet
valves 44 are 100% open, the controller determines whether the delivery pressure (as
determined by the pressure sensor 42c¢ at the outlet 20) is 200Pa above the tower pressure
(as determined by the tower pressure sensor 46c¢). If the delivery pressure is determined to
not be 200Pa above the tower pressure, the fan speed is adjusted to adjust the delivery
pressure to 200 Pa above the tower pressure. If the delivery pressure is determined to be
200Pa above the tower pressure, the temperature of the air at the outlet 20 of the HVAC
system 8 of the vertical growth tower 1 is checked. If the temperature of the air at the outlet
20 is determined to be above 5°C, the cooling coil temperature is reduced. After a pause of
15 minutes the controller reverts to the step of checking the tower temperature. If the
temperature of the air at the inlet 18 is determined to not be above 5°C the heat load created

by the vertical growth tower is reduced by reducing the lighting output.

If the tower temperature is below the target temperature, the controller checks to determine
whether all of the outlet valves 44 are greater than 40% open. If all outlet valves are greater
than 40% open, the controller closes all outlet valves by 5% and the algorithm reverts to the
tower temperature checking step after pausing for 15 minutes. If all of the outlet valves 44 are
not greater than 40% open, the controller determines whether the delivery pressure (as
determined by the pressure sensor 42c¢ at the outlet 20) is 200Pa above the tower pressure
(as determined by the tower pressure sensor 46c¢). If the delivery pressure is determined to
be 200Pa above the tower pressure, the fan speed is adjusted to adjust the delivery pressure
to 100 Pa above the tower pressure. If the delivery pressure is determined to not be 200Pa
above the tower pressure, the temperature of the air at the inlet 18 of the HVAC system 8 of
the vertical growth tower 1 is checked. If the temperature of the air at the inlet 18 is determined
to be below tower ambient temperature (typically between 23°C to 32°C), the cooling coil
temperature is increased by reducing cooling by the chiller (cooling coil). After a pause of 15
minutes the controller reverts to the step of checking the tower temperature. If the temperature
of the air at the inlet 18 is determined to not be below tower ambient temperature the heat

load created by the vertical growth tower is increased by increasing the lighting output.

Example 4
An alternative example, with reference to Figure 5, a HVAC system 150 comprises an inlet

152, an outlet 154, a controller 156, an external intake valve 178, and a conditioning unit 160.

The conditioning unit 160 comprise a variable speed fan 162, a cooling coil 164 (acting as a
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heat exchanger), a coolant reservoir 166 containing water (acting as a coolant), a coolant
heating/cooling unit 168, a coolant pump 170, and a secondary coolant pump 172. During
use, air is drawn into the conditioning unit 160 via the inlet 152 by the variable speed fan 162,
contacts the cooling coil 164 and passes out of the conditioning unit 160 via the outlet 154.
Coolant is pumped through the cooling coil 164 by the coolant pump 170 in a circuit from the
coolant reservoir 166 to the cooling coil 164 and back again. Coolant is pumped pass the

heating/cooling unit 168, by the secondary coolant pump 172

The inlet 152 comprises a temperature sensor 174a, a humidity sensor 174b and a pressure
sensor 174c, and the outlet 154 comprises a temperature sensor 176a, a humidity sensor
176b and a pressure sensor 176¢c. The controller 156 of the HVAC system 158 receives
signals from the sensors of the inlet (174a, 174b, 174c) and the outlet (176a, 176b, 176c) of
the HVAC system 158.

Example 5
A HVAC system used to condition a commercial space such as that shown in Figure 8 may

be operated automatically following an algorithm such as that shown in Figure 9. The HVAC

system may control the temperature and humidity of the commercial space.

The enclosed space 304 comprises a temperature sensor 310a and a humidity sensor 310b.
The inlet 308 of the HVAC system 302 comprises a temperature sensor 314a and a humidity
sensor 314b. The outlet 306 of the HVAC system 302 comprises a temperature 312a and a
humidity sensor 312b.

Initially, the target humidity and temperature are set. The dew point of the air entering the inlet
308 of the HVAC system 302 from the enclosed space 304 is calculated from the temperature
and the relative humidity recorded from the temperature sensor 314a and humidity sensor
314b in the inlet 308 of the HVAC system 302.

If the humidity is determined to be higher than the target humidity, the temperature of the
cooling coil of the HVAC system is lowered to below the dew point of the air. If the humidity
is determined to be lower than the target humidity, the temperature of the cooling coil is raised

to be above the dew point of the air entering the inlet.

If the humidity is determined to be at the target humidity, the measured temperature is

compared against the target temperature.
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If the measured temperature is at the target temperature, the algorithm reverts to the

beginning.

If the measured temperature is determined to be above the target temperature the speed of

the fan is increased and the algorithm reverts to the beginning.

If the measured temperature is determined to be below the target temperature the speed of

the fan is decreased and the algorithm reverts to the beginning.

While there has been hereinbefore described approved embodiments of the present
invention, it will be readily apparent that many and various changes and modifications in form,
design, structure and arrangement of parts may be made for other embodiments without
departing from the invention and it will be understood that all such changes and modifications
are contemplated as embodiments as a part of the present invention as defined in the

appended claims.



