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ABSTRACT

A controlled environment enclosure features a heating and cooling
system and a control system linked to the heating and cooling system for control of
same. The control system being operable to switch between an environmental
control mode for achieving user-prescribed environmental conditions within the
interior space and a sterilization/pasteurization mode for heating contents of the

internal space to values within a range sufficiently elevated above the prescribed

environmental conditions to sterilize/pasteurize said contents of the internal space.
The built-in sterilization/pasteurization function reduces or eliminates the need for

personnel to physically wash down the interior space of the enclosure with cleaning

chemicals.
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A CONTROLLED ENVIRONMENT ENCLOSURE WITH BUILT-IN
STERILIZATION/PASTEURIZATION FUNCTIONALITY
FIELD OF THE INVENTION

The present invention relates generally to controlled environment

chambers and rooms, and more particularly to such enclosures featuring a heating

and control systems operable to switch from a normal ‘controlled environment’ mode

.of Operatioh to a distinct ‘sterilization/pasteurization’ mode attaining notably higher

temperatures to automatically sterilize or pasteurize interior contents of the chamber

or room using heat.
BACKGROUND OF THE INVENTION

Plant growth chambers and rooms are used to support plant and
animal science researchers by providing a ‘highly controliable environment in which
to conduct experiments. Chambers and rooms manufactured and supplied by the
assignee of the present application include temperature and lighting control as
standard features, with H20 and CO2 options in both additive and subtractive mode.

Typical temperature ranges are from 4C to 45C with specialized chambers capable

of achieving lower temperatures, down to -10C with defrosting options.

Existing users have a need to sterilize or pasteurize the interior
surfaces of the chambers or rooms as well as materials which are commonly used
inside the equipment such as pots and soil. Currently their only options are washing
down procedures with chemical solutions such as bleach or running the chamber at
the maximum temperature (45C) for an extended period. Neither method is

completely effective. There are too many hidden areas to have complete contact by



10

15

20

CA 02835820 2013-11-28

2
chemicals and residual effects can be harmful to future experiments. Heating to 45C

even for extended periods of time is insufficient to kill some harmful organisms.

Use of heat to sterilize soil has been employed in the prior art, using
steam, a fuel burning furnace, or electrical resistance heaters embedded within the
soil to achieve the required temperatures for sterilization. Examples of prior art soil
sterilization devices include those disclosed in U.S. Patents 976768, 1996708,
2134098, 2150257, 2350721, 2784286, 2988624, 3136090 and U.K. Patent 696479.

However, none of foregoing references disclose a growth enclosure
Incorporating built in stenlization functionality into its environmental control system.

Accordingly, there remains a need for such a solution.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a
controlled environment enclosure comprising:

a structure comprising an interior space bound by a floor, a ceiling,
walls spanning between said floor and ceiling, an access way opening into said
interior space from outside the enclosure, and an access door movable between
open and closed positions at said access way to respectively open and close access
to said interior space;

a heating and cooling system;

a control system linked to the heating and cooling system for control of
same, the control system being operable to switch between an environmental control
mode for achieving user-prescribed environmental conditions within the interior

space and a sterilization/pasteurization mode for heating contents of the intemal
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space to values within a range sufficiently elevated above the prescribed

environmental conditions to sterilize/pasteurize said contents of the internal space.

Preferably the heating and cooling system comprises a refrigeration
system and an electric heater system, the control system being arranged to operate
the refrigeration system in the environmental control mode and operate the electric

heating system in the sterilization/pasteurization mode.

Preferably the controller is arranged to operate only said electric
heating system in the sterilization/pasteurization mode.

In other embodiments, the controller may be arranged to operate the
refrigeration system to perform a heating cycle in the sterilization/pasteurization
mode, and to augment said heating cycle of the refrigeration system with operation
of said electric heating system in the sterilization/pasteurization mode. However,
such embodiments may be less preferred, due to potential risks or complications in
running the refrigeration system at the elevated temperatures of the
sterilization/pasteunzation mode.

Preferably the controller is arranged to operate the electric heating
system only in the sterilization/pasteurization mode.

Preferably the electric heating system comprises an electric air heating
system.

Preferably the electric heating system comprises electric heating

elements disposed within an airflow path of the refrigeration system.
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Preferably the heating and cooling system and the control system are

arranged to allowing selective raising of a temperature of the interior space to at
least 40-degrees Celsius in the environmental control mode.

Preferably the heating and cooling system and the control system are
arranged to raise a temperature of the interior space to at least 50 degrees Celsius
in the sterilization/pasteurization mode. Some embodiments may be configured to
achieve 60C or higher in the sterilization/pasteurization mode.

Preferably there is provided a lock operable to secure the door in the
closed position, wherein the control system is arranged to automatically engage the

lock in order to automatically secure the door in the closed position during the

sterilization/pasteurization mode.

Preferably the control system is arranged to automatically lock the door
upon detecting a predetermined temperature value within the interior space.

Preferably an interior kill switch operable from inside the interior space
to disengage the lock to release the door and allow movement thereof from the
closed position to the open position.

Preferably the interior kill switch is arranged to terminate a heating
process of the heating and cooling system upon actuation of the interior kill switch.

Preferably there is provided an exterior kill switch operable outside the
interior space to terminate a heating process of the heating and cooling system upon

actuation of the exterior kill switch.

The exterior kill switch may be arranged to maintain an engaged state

of the lock in order to keep the door secured in the closed position until an interior air



10

15

20

CA 02835820 2013-11-28

5
temperature is below a predetermined safe level, for example of 45C, when said

switch Is actuated to terminate the heating process.

Preferably there is provided a mechanical thermal safety switch

configured to, independently of the controller, terminate heating of the internal space

by the heating and cooling system upon reaching of a predetermined temperature
limit in the interior space.

Preferably there is provided at least one safety temperature sensor
positioned within the interior space and arranged to terminate, via the controller,
heating of the intemal space by the heating and cooling system upon reaching of a

predetermined temperature limit in the interior space.

Preferably there is provided a warning system arranged for actuation
by the control system in response to initialization of the sterilizing/pasteurizing mode
to wai'n personnel of initiation of same.

The warning system may comprise an audible warning device.

The warning system may comprise a visual warning device.

According to a second aspect of the invention there is provided a

method of sterilizing/pasteurizing contents of a controlled environment enclosure
comprising an interior space and a heating and cooling system operable in ah
environmental control mode for achieving prescribed environmental conditions within
the interior space, the method comprising using a same control system that operates
the heating and cooling system in the environmental control mode to switch to a

sterilizing/pasteurizing mode in which contents of the internal space to values within
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a range sufficiently elevated above the prescribed environmental conditions to

sterilize/pasteurize said contents of the internal space.

According to another aspect of the invention there is provided a controlled
environment enclosure comprising:

a structure comprising an interior space bound by a floor, a ceiling, walls
spanning between said floor and ceiling, an access way opening into said interior space
from outside the enclosure;

a heating and cooling system;

a control system linked to the heating and cooling system for control of
said heating and cooling system, the control system being operable to switch between
an environmental control mode for achieving user-prescribed environmental conditions
within the interior space and a sterilization/pasteurization mode for heating contents of
the internal space to an elevated level that exceeds the prescribed environmental

conditions and sterilizes/pasteurizes said contents; and

a personnel safety system linked to the control system and arranged to

initiate at least one personnel protection action upon receipt of an activation signal from

the controi system;

wherein the control system is arranged to send the activation signal to the

personnel safety system in response to an event indicative that the

sterilization/pasteurization mode has been initiated.
In one embodiment, the personnel safety system comprises a lock

actuable by the activation signal to secure a door of the enclosure in the closed position.
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In one embodiment, the personnel safety system comprises a warning

system actuable by the activation signal to warn personnel of that the

sterilization/pasteurization mode has been initiated

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings, which illustrate exemplary embodiments

of the present invention:
Figure 1 is an exterior elevational view of a controlled environment

chamber/room of the present invention that includes built-in sterilization/pasteurization

functionality for sterilization/pasteurizing interior contents of the chamber.

Figure 2 Is a cross-sectional view of the controlled environment

chamber/room of Figure 1 in a vertical plane.

DETAILED DESCRIPTION

Figure 1 shows the exterior of a controlled environment chamber or room
10 of the present invention featuring four vertically upright walls 12a, 12b, 12c, 12d
spanning upward from a horizontal floor area 14 of the chamber/room to an opposing
horizontal ceiling 16 thereof that spans over the area between all four of the walls.
While described in terms of a rectangular interior space 18 bound by four walls and
paralle]l rectangular floor and ceiling areas, a chamber or room of the present invention
is not limited to such a particular shape or configuration.

At least one wall features a door 20 mounted thereon to normally reside in
a closed position that seals closed a doorway that serves as the main access point to

the interior space of the chamber or room. In a conventional manner, the door is hinged

or otherwise movably mounted to the wall for selective
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opening of the door to reveal the doorway and enable access by personnel to and

from the interior space. With the door closed, the chamber or room interior is sealed
off from the space outside the chamber or room. It will be appreciated that where
the structure is a stand-alone chamber housed in a room of a building, the
surrounding space is the room in which the chamber resides, while if the structure is
a built-into a larger overall building structure, the outside space may be considered
an adjoining room or hallway. Depending on the size of the interior space, the
access door may refer to large enough door for users to walk into the room or
chamber, or may refer to a smaller access door for manual insertion and removal of
objections in a smaller chamber that is not walk-in accessible. A control box 22 is
mounted to a respective wall of the room or chamber 10 to present an .outward
facing control panel 24 at the exterior of the chamber or room for presenting a user-
interface of the control box for manipulation by a user to operate environmental

control functionality of the chamber or room.

Turning to Figure 2, the interior space may contain shelving units 26
therein for supporting beds or pots 28 of soil for growth of plant life 30 therein within

the controlled environmental conditions of the interior space of the room or chamber.
One or more light sources, for example one or more banks of lamps 32 each
containing a plurality of lamp bulbs are provided, for example in the iliustrated form
of one respective lamp bank for each shelf. In the illustrated embodiment, a rﬁna.in
duct 34 runs lengthwise along the ceiling 16 at a central iocation thereacross to
provide a delivery conduit for conditioned air from a refrigeration system (not shown)

that is used to control the interior temperature of the room or chamber according to
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user-defined conditions based on the plant-life or experimental requirements, which

are entered via the control panel 24. Airis conveyed laterally outward from the main
duct 34 toward opposing walls 12b, 12c of the room or chamber through suitable
passages 36 at the ceiling 16. Pressurization baffles 38 on the interior of the walls
12b, 12c receive downward flowing air from the passages 36, where the air
continues into the interior space of the chamber or room through perforations in the
baffles, which are positioned so as to aid in uniform distribution of the air to the
interior space. It will be appreciated that this sidewall airflow arrangement is just one
example of a possible airflow configuration for a controlled environment chamber or
room, and other airflow arrangements and combinations may be employed, including
use of upward or downward airflows into the interior space, with or without plenums.
The forgoing configuration of the basic chamber or room structure is in
accordance with known convention in the field of control environment enclosures,
and may be notably varied while maintaining the same general configuration bf én
interior space for containing plant life or other growth and providing a high degree of
tight control over conditions of the interior environment of the enclosure. The
controlled conditions typically include at least temperature, lighting conditions, and
humidity. Refrigeration systems configured to provide both refrigeration cooling
cycles and hot-air heating cycles in order to enable raising and lowering of the
internal temperature of the enclosure for tight control thereof are well known in the

art, and thus not described herein in detail, as are electronic control means for

receiving user-input to define parameters such as the temperature, lighting, and
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humidity conditions to be maintained, and to control lighting and

heating/cooling/conditioning systems according to such parameters.

The illustrated embodiment differs from the prior art in the addition of
electric heaters 40 in the air stream entering the interior space from the refrigeration
system to attain elevated temperatures beyond those achievable through the
refrigeration system alone for the purpose of heat-based sterilization and/or
pasteurization of contents of the chamber or room. The control system is
accordingly updated with temperature sensors to achieve and maintain desired
temperatures both in the conventional normal ‘controlled environment mode of
operation for performing the desired experimentation under controlled conditions,
and in the new ‘pasteurizationlsterilization’ mode of operation. As the
sterilization/pasteurization process requires elevated temperatures beyond those
typically attainable by conventional controlled environment enclosures, the illustrated
embodiment also adds safety measures to guard against overheating of the
enclosure {0 dangerous levels, and to prevent people from opening doors when

chamber or room is above safe limits, unless someone is actually inside the

enclosure under such conditions, for which emergency shutdown and exit solutions

are provided.

The control panel 24 provides users with the ability to switch between
the ‘controlled environment’ mode, in which the chamber or room operates in the
same manner as a conventional controlled environment enclosure to achieve and
maintain each of the user-prescribed conditions within a tight range of the user-

entered values, and the ‘pasteurization/sterilization’ mode, where the temperature is
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raised above the available range of temperatures for the controlled environment’

mode.

Temperature control in the ‘controlled environment mode is done
through the conventional refrigeration system which uses hot gas from heat of
compression when it is necessary to increase the temperature, and a standard
refrigeration cooling cycle when a temperature reduction is needed. The air
temperature attainable through the hot-gas heating cycle has a practical limit of
about 40C, so when higher temperatures are needed for the
‘pasteurization/sterilization’ mode, the electric heaters 40 are operated and the
refrigeration system is deactivated. In some embodiments, the electric heaters may
also be used in a supplemental manner in the ‘controlled environment’ mode to allow
attainment of air temperatures up to about 45C. In switching from the ‘controlied
environment mode’ to the ‘pasteurization/sterilization’ mode, the heating load is thus
handed off from the refrigeration system, or from a combination of the refrigeration
system and electric heaters, to the electric heaters alone. In the illustrated
embodiment, these electric heaters 40 are placed within the airflow at locations
inward from the outer shell of the overall chamber or room so as to add heat to the
incoming air from the refrigeration system relatively close to the final points at which
the air enters the open interior space of the enclosure, thereby minimizing the

opportunity for loss of the heat added by the electric heaters to the exterior of the

structure and surrounding or adjoining environment. The illustrated embodiment

employs a ducted pathway from the evaporators of the refrigeration system, and the

schematically illustrated supplementary heaters 40 are placed in the lateral duct



10

13

20

CA 02835820 2013-11-28

11
passages 36 to reside downstream of the evaporators. Other embodiments without

ducted airways after the evaporators may employ placement of the supplementary
heaters 40 upstream from the location of the evaporators of the refrigeration system.

One or more temperature sensors 42 are located within the interior and
measure the internal air temperature of the chamber or room during the ‘controlied
environment’ mode in a conventional manner, and similarly now measure the
internal temperature during the new ‘pasteurization/sterilization’ mode, and relay the
measured signal to the controller at the control box 22 for use in controlling the
refrigeration system and electric heaters.

The temperature measurements may include measurements of one or
both of air temperatures and surface temperatures. The goal is to determine that a
critical surface (e.g. wall) or volume/body (e.g. center of a soil mass in a pot) has
reached a pasteurization/sterilization temperature and retained this temperature for
a determined “soak” time, and therefore at least one “surface” or “body” temperature
determination is required. One embodiment may employ a sensor that is

encapsulated in a thermally insulative material that simulates a “typical” thermal

mass to avoid problems with finding a good sensor placement location that may
other be dependent on the contents of the chamber or room. At the same time,
safeguards against air temperatures exceeding safe limits during the “rise and soak”
period may be provided by an additional air temperature sensor, which may be the
same sensor used for controlling the air temperature in the controlled environment

mode.
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In another embodiment, instead of separate sensors for air

temperature and surface or body temperature, use of an air temperature sensor
alone may be sufficient based on experimental determination of suitable air
temperature levels determined to guarantee suitable surface or body temperatures
for expected room or chamber contents.

In addition to these main temperature sensors used to control the

automatic temperature adjustment of the system according to the user-prescribed

conditions, the illustrated embodiment includes three other sensors to protect the
system from damaging the plants if the system goes out of control due to some sort
of failure, especially since the additional heat of the supplementary electric heaters
can result in dramatically higher temperatures in the chamber than attainable in
conventional units.

Firstly, a respective temperature limit sensor 44 is essentially a
redundant temperature sensor placed or mounted next to each main temperature
sensor 42 and is used by software of the controller to shut down the chamber if it
detects temperatures outside of an acceptable bandwidth (for example, terminating
any heating or cooling operation being run by the refrigeration or electrical heating
systems, and prevent any such further operation until the system is checked and
reset). Secondly, a safety temperature sensor 46, for example mounted on the
ceiling 16, near the ceiling-mounted or ceiling adjacent lights, is also used by
software to shut down the chamber if it exceeds a predetermined temperature limit.
Mounting of this sensor near the lights is intended to account for heat generated by

the lights in the temperatures measurements taken by the sensor, but it will be
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appreciated that the sensor may be positioned elsewhere in other embodiments.

Thirdly, a mechanical thermal disc switch 48 shuts down chamber independently of
the controller if temperature exceeds a higher limit, thereby providing a fail-safe
protecting against the potential of a malfunctioning controller that is no longer

providing the appropriate shut-down procedure based on signals from the electronic

sensors 42, 44, 46.

The controller may be configured to change the predetermined level at
which the limit senso;' and safety sensor will trigger shutdown of the heating systems
according to whether the controller is currently running in the ‘controlled
environment’ mode or ‘pasteurization/sterilization’ mode. This way, shut down is
triggered at lower temperatures in the ‘controlied environment' mode of operation
than in the ‘pasteurization/sterilization’ mode, where higher temperatures are
required. This way, if a fault of some kind causes the electric heaters 40 to activate
during the ‘controlied environment’ mode of operation, raising the temperature above
the controlled range applied according to the user’s input when setting the conditions

for the current run of the ‘controlled environment’ mode of operation, the system will

shut down well before sterilization/pasteurization temperatures levels are reached.

As is known in the art, the shut-down limit during ‘controlled environment’ mode wiil
automatically vary according to the user-prescribed experiment conditions entered
into the controlier.

An electronic lock 50 on the door adds another level of safety in view

of the higher than normal temperatures achieved during the

sterilization/pasteurization process. When the main temperature sensors detect an
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internal air temperature above a predetermined value, for example a value above a

maximum limit that users can prescribe for the ‘controlled environment’ mode of
operation, the controller automatically sends a lock signal to the electronic lock,
causing the same to engage into a locked condition securing the door closed. Until
the sterilization/pasteurization process is complete (or canceled via the control
panel), and preferably until the detected internal air temperature has been
determined to fall below an acceptable level (which may be the same or lower than
the auto-lock temperature), the door may only be unlockable by way of an internal
kill switch 52 mounted inside the interior space of the enclosure, which will not only
unlock the door, but preferably also immediately terminate any heating process that
has been initiated. This way, If the ‘pasteurization/sterilization’ process is
inadvertently initiated while someone is inside the enclosure, the person can press
the internal kill switch to unlock the door and escape the rising heat. As shown, the
internal kill switch may be mounted proximate the door 20, for example on the same

wall 12a of the chamber or room as the door.

A warning buzzer or light, or combination thereof, may be included to

audibly and/or visually alert people that the pasteurization/sterilization process has
been initiated. The warning should be audibly and/or visually noticeable within the
interior of the chamber or room, for example by warning devices mounted inside the
same, and may also include exterior warning means separately noticeable outside
the room or chamber. The operation of the warning device(s) may be tied to the
automatic locking function of the enclosure in order to perform simultaneous,

concurrent or sequential locking of the door and activation of the warning.
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An external kill switch 54 is also provided to allow termination of the

heating process from outside the room or chamber. The external kill switch may be
configured not to unlock the door if the door has already been automatically locked
under the rising temperature of the interior space, thereby preventing someone from

inadvertently entering the interior space while at potentially unsafe temperatures,

although an emergency override operated separately from the kill-switch actuator

may be provided in order to release the door lock in case of emergency. In other

embodiments, the external kill switch itself may instead be configured to unlock the

door, for example giving someone outside the enclosure the ability to open the door

for someone who is inside the enclosure after initiation of the

‘pasteurization/sterilization’ mode, but who hasn't realized it or is unable to reach the

internal kill switch for some reason.

The controller and heating systems are preferably configured to
achieve and maintain an internal air temperature of at least 50 degrees Celsius
during the ‘pasteurization/sterilization’ mode, and more preferably at least 60

degrees Celsius, but for example below a maximum of 100 degrees Celsius. The

time required for proper pasteurization or sterilization may vary according to the
attained and maintained temperature. For example, 12-24 hours may be required
for effectiveness at 50 degrees Celsius, while as little as 30 minutes may be
sufficient at 60 degrees Celsius. While some embodiments may employ a pre-
programmed timer, other embodiments employ a user-programmable or user-
adjustable timer, with the manufacturer providing recommended timer settings for

the user. The timer will begin after the “rise and soak” temperature sensor(s)
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has/have reached setpoint. The system may be configured to automatically the lock

the door at a detected temperature above a predetermined value, for example above

45 degrees Celsius.

Using air heaters directly exposed to the air inside or entering the
internal space maintains user-flexibility in terms of contents placed inside the
chamber or room compared to other possibilities such as electrical resistance
heaters or steam pipes in the mounted in dedicated plant beds. In addition,
solutions in which heating elements are embedded within soil may be effective to
sterilize or pasteurize the soil, but fail to sterilize other objects or materials within the
enclosure, such as the wall or shelve surfaces. Also, use of steam as a heating

medium may leave behind unwanted humidity in the chamber, creating extra

taxation on the system to attain suitable humidity levels prescribed by a particular

experiment or test to be conducted in the chamber.

Controiling both modes of operation through a common controller to
avoid independent operation prevents undesirable consequences. For example,
one cannot inadvertently initiate a ‘controlled environment' cycle via a dedicated
controller for the refrigeration system while failing to realize that the electric heaters
are running, whereby the refrigeration system would be heavily taxed under its
aftempt to cooI down the interior space against the heating process being carried out

by the electric heaters. However, embodiments employing separate controllers for

the two different modes are not excluded from the scope of the present invention.

A motorized damper, schematically illustrated at 60, may be mounted

in an air exchange passage 62 that communicates the interior space of the chamber
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or room with an exterior thereof. Such passages with manual dampers have been

employed in the prior art to provide a controllable amount of air exchange between
the interior and exterior of a controlled environment chamber or room, for example to
allow introduction of fresh air into the interior space. The electric motor of the
damper is connected to the controller for automatic movement of the damper
between open and closed positions that respectively allow and prevent airflow
between the interior and exterior of the chamber. The controller automatically closes

the damper upon initiation of the pasteurization/sterilization mode, thereby trapping

the current volume of air inside the chamber to minimize the amount of time for the
interior to reach suitable temperatures. When closed, the damper prevents loss of
heated interior air to the exterior and entrance of ambient extertor air to the interior.

In addition, or as an alternative, to use of a damper to reduce the
cooling time of the interior space, the refrigeration system may be operable to cool
down the interior air of the room or chamber. Accordingly, the controller may be
configured to automatically run the refrigeration system in a cooling mode operation

upon expiry of a timed pasteurization/sterilization process, much like the controller

would automatically open the damper at such time in damper-equipped

embodiments.

When the soak time of the pasteurization/sterilization process has
expired, the motorized damper is automatically opened to enable faster cooling of
the interior space by venting the heated interior air from the interior to the exterior.
The controller preferably opens the damper before automatically unlocking the door,

as the opening of the damper speeds up the cooling of the interior space to the safe
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level at which the door is unlocked. Accordingly, the air exchange passage 62

preferably connects the interior space to an outdoor environment to avoid potential
hazards or complications with venting of hot air from the interior space into an indoor
environment.

Suitable electronic controllers for monitoring and controlling conditions
based on sensor signals and control panel commands from operating personnel are
well known in the art, and may be programmed or configured using known
techniques to perform the operations described herein above.

Since various modifications can be made in my invention as herein
above described, and many apparently widely different embodiments of same made
within the scope of the claims without department from such scope, it is intended
that all matter contained in the accompanying specification shall be interpreted as

illustrative only and not in a limiting sense.
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CLAIMS:

1. A controlled environment enclosure comprising:

a structure comprising an interior space bound by a floor, a ceiling,
walls spanning between said floor and ceiling, an access way opening into said
interior space from outside the enclosure;

a heating and cooling system;

a control system linked td the heating and cooling system for control of
said heating and cooling system, the control system being operable to switch
between an environmental control mode for achieving user-prescribed
environmental conditions within the interior space and a sterilization/pasteurization
mode for heating contents of the internal space to an elevated level that exceeds the
presCribed environmental conditions and sterilizes/pasteurizes said contents: and

a personnel safety system linked to the control system and arranged to
initiate at least one personnel protection action upon receipt of an activation Signal
from the control system;

wherein the control system is arranged to send the activation signal to
the personnel safety system in response to an event indicative that the
sterilization/pasteurization mode has been initiated.

2. The controlled environment enclosure of claim 1 comprising an

access door movable between open and closed positions at said access way to
respectively open and close access to said interior space, and wherein the

personnel safety system comprises a lock actuable by the activation signal to secure

the door in the closed position.
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3. The controlled environment enclosure of claim 2 comprising an

interior kill switch operable from inside the interior space to disengage the lock to
release the door and allow movement thereof from the closed position to the open
position.

4.  The controlled environment enclosure of claim 3 wherein the
interior kill switch is arranged to terminate a heating process of the heating and
cooling system upon actuation of the interior kill switch.

5. The controlled environment enclosure of any one of claims 2 to
4 comprising an exterior kill switch operable outside the interior space to terminate a

heating process of the heating and cooling system upon actuation of the exterior kill

switch.

6. The controlled environment enclosure of claim 5 wherein the
exterior kill switch is arranged to maintain an engaged state of the lock in order to
keep the door secured in the closed position until interior air temperature is below a
predetermined safe level when said switch is actuated to terminate the heating
process.

7. The controlled environment enclosure of any one of claims 2 to

6 wherein the control system is arranged to send the activation signal to the lock

upon detecting a predetermined temperature value within the interior space that is
indicative that the sterilization/pasteurization mode has been initiated.

8. The controlled environment enclosure of claim 1 comprising an
exterior kill switch operable outside the interior space to terminate a heating process

of the heating and cooling system upon actuation of the exterior kill switch.
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9. The controlled environment enclosure of any one of claims 1 to

6 and 8 wherein the control system is arranged to send the activation signal to the
personnel safety system in response to initialization of the sterilization/pasteurization
mode.

10.  The controlled environment enclosure of any one of claims 1 to
9 wherein the personnel safety system comprises a warning system actuable by the
activation signal to warn personnel of that the sterilization/pasteurization mode has

been initiated.
~11.  The controlled environment enclosure of claim 9 or 10 wherein

the warning system comprises an audible waming device.

12.  The controlled environment enclosure of any one of claims 9 to
11 wherein the warning system comprises a visual warning device.

13. The controlled environment enclosure of any one of claims 1 to
12 comprising a mechanical thermal safety switch conﬁgufed to, independently.of
the control System, terminate heati.ng of the internal space by the heating and

cooling system upon reaching of a predetermined temperature limit in the interior

space.

14.  The controlled environment enclosure of any one of claims 1 to
13 comprising at least one safety sensor positioned within the interior space and
arranged to, via the control system, terminate heating of the of the internal space by

the heating and cooling system upon reaching of a predetermined temperature limit

in the interior space.
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