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BOTANICAL AIR FILTRATION SYSTEM
AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/311,703, filed Mar. 22, 2016, the
contents of which are incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under Grant No. SU-83573001-0 awarded by the Environ-
mental Protection Agency. The government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

[0003] The present invention generally relates to indoor
air conditions. The invention particularly relates to botanical
air filtration systems and methods suitable for use in build-
ings and other enclosed spaces.

[0004] Tightly sealed buildings have a tendency to suffer
from poor air quality, often from the buildup of various
pollutants. Major pollutants are usually categorized to be
inorganic, organic or biological. Typical inorganic and
organic indoor air pollutants include, but are not limited to,
tVOC, formaldehyde, toluene, carbon dioxide, carbon mon-
oxide, nitrogen dioxide, and sulfur dioxide. Research into
indoor air quality particularly focuses on volatile organic
compounds (VOCs), which are a group of 50-300 different
chemical substances that are organic and volatile at room
temperature with a vapor pressure greater than 0.074 mmHg
at 20° C. and can be divided in aldehydes, alcohols, aliphatic
hydrocarbons, halogenated hydrocarbons and ketones.
Indoor sources for common VOCs include, but are not
limited to, commercial products like cleaning liquids, hobby
supplies, cosmetics, paintings, adhesives, furniture, building
materials, emissions, and tobacco smoke. Biological con-
taminants mainly include viruses, bacteria, fungi, and mold
spores which either grow indoors or are supplied by fresh
outdoor air.

[0005] Poor indoor air quality can have significant nega-
tive effects on individuals. Methods for improving indoor air
quality are generally based on limiting the concentration of
pollutants involve maximizing ventilation rates and air dis-
tribution, removing pollutant sources, and/or cleaning (fil-
tering) the air. A current solution to poor indoor air quality
is dilution of the indoor air with outdoor ventilation air, for
example, by combining recirculated air with about twenty
percent outdoor ventilation air. Units for this purpose
include what are referred to as energy recovery ventilators
(ERVs), which draw fresh air from outside a building and
exhaust air from inside the building, and exchange energy
between the two streams to precondition the incoming fresh
air. The cost of heating or cooling the outdoor ventilation air
can represent between 10 and 20 percent of the total energy
consumption of a building. Alternatively or in addition to air
ventilation, filtration methods may be used to remove pol-
Iutants from the air. Filtration is a physical pollutant removal
mechanism commonly used to clean indoor air in commer-
cial heating, ventilation, and air conditioning (HVAC) sys-
tems. Various methods of filtering air are well known in the
art. However, filtration systems may be expensive to operate
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and, even with the use of current filtration systems, air
ventilation is often still needed to provide suitable indoor air
quality.

[0006] In view of the above, it can be appreciated that
there is an ongoing desire for systems and methods for
improving indoor air quality, particularly systems and meth-
ods that have reduced energy and operation costs.

BRIEF DESCRIPTION OF THE INVENTION

[0007] The present invention provides botanical air filtra-
tion systems and methods suitable for use in buildings and
other enclosed spaces.

[0008] According to one aspect of the invention, a botani-
cal air filtration system is provided that includes an enclo-
sure, a wall within the enclosure on which living plants are
supported and grow in one or more horizontal plant beds
defining vertical tiers along the wall, an irrigation system for
watering the plants, and a lighting system for simulating
sunlight. Air moving through the enclosure flows horizon-
tally and vertically and travels adjacent leaves of the plants,
through a growth media in the plant bed, and then out of the
enclosure.

[0009] Another aspect of the invention includes integrat-
ing the enclosure of the above-noted botanical air filtration
system with an HVAC system of a building so that return air
from the building is drawn through the enclosure to remove
pollutants with the plants.

[0010] According to another aspect of the invention, a
method of using a botanical air filtration system includes
drawing air through an enclosure of the botanical air filtra-
tion system. The enclosure has a wall within the enclosure
on which living plants are supported and grow in one or
more horizontal plant beds defining vertical tiers along the
wall, and the air drawn through the enclosure flows adjacent
leaves of the plants, through a growth media in the plant bed,
and then out of the enclosure. The method includes watering
the plants with an irrigation system of the botanical air
filtration system, and simulating sunlight for the plants with
a lighting system of botanical air filtration system.

[0011] Technical effects of botanical air filtration systems
of a type described above preferably include the ability to
improve air quality and reduce energy consumption by
employing plants to filter air within a building or other
enclosed space, and preferably to do so in an effective,
efficient, and aesthetic manner, particularly if the system is
located or otherwise visible within a living space.

[0012] Other aspects and advantages of this invention will
be further appreciated from the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 represents a botanical air filtration system
installed in a residential building in accordance with a first
nonlimiting embodiment of the invention.

[0014] FIG. 2 represents a biowall of the botanical air
filtration system of FIG. 1, with trays pulled out for clarity
(left) and air flow patterns therethrough (right).

[0015] FIG. 3 represents a vertical cross-sectional view of
a plenum 12 of the biowall of FIG. 2.

[0016] FIG. 4 represents a rear view of the plenum of FIG.
3 and a scanned image showing a rear view of a prototype
of the plenum.
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[0017] FIG. 5 is an isolated view of a backduct of the
biowall of FIG. 2.

[0018] FIG. 6 includes perspective and top views of a tray
of a type suitable for use in the biowall of FIG. 2.

[0019] FIG. 7 represents plants located in growth media
contained by a tray and located at one tier of the biowall of
FIG. 2.

[0020] FIG. 8 represents a soaker hose located in the tray
of FIG. 7 prior to being covered by the growth media.
[0021] FIG. 9 represents a piping system for providing
water to the biowall of FIG. 2.

[0022] FIG. 10 represents nonlimiting plants of types that
may be grown in the biowall of FIG. 2.

[0023] FIG. 11 schematically represents a botanical air
filtration system in accordance with a second nonlimiting
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] This disclosure provides botanical air filtration
systems and methods capable of improving indoor air qual-
ity. Botanical air filtration is defined herein as plant-assisted
biofiltration which can be described as a hybrid technology
between biofiltration (e.g., wherein contaminated air is
guided through an either open or closed reactor containing
an organic filter bed) and phytoremediation (removal or
storage of environmental contaminants from air, water, soil,
and/or sediments with the use of plants). The main differ-
ence between botanical air filtration systems and regular
biofilters are the integration of green plants which boost the
removal performance of the filter by providing rhizosphere
microorganisms. It is believed in such systems that both the
root zone and aerial parts of the plants are important for
contaminant removal.

[0025] Removal mechanisms for direct phytoremediation
can be classified as phytoextraction, rhizofiltration, and
phytostabilization. Phytoextraction describes the uptake of
contaminants by plant roots and their distribution in har-
vestable parts of the plant. Rhizofiltration describes the
processes of adsorption onto plant roots and the absorption
into the roots of contaminants in water solution to immo-
bilize and accumulate them. Due to the ongoing accumula-
tion of contaminants inside plants, the plant size increases
over time. In contrast to phytoextraction, phytostabilization
is the process of adsorption of contaminants onto the root
zone and the following accumulation in the soil around plant
roots rather than the plant. To fully remove the accumulated
contaminants, plants and the soil need to be replaced regu-
larly, which can result in a following relieve of the accu-
mulated contaminants from dead plants.

[0026] Hence, indirect phytoremediation mechanisms,
such as rhizodegradation and phytodegradation, are in pri-
mary focus of botanical air filtration due to their abilities to
remove contaminants by converting them to harmless prod-
ucts like CO,, water, and biomass. Rhizodegradation
describes the ability of microorganisms in the plants rhizo-
sphere to convert and breakdown organic contaminants in
soil. The microorganisms use organic contaminants as a
carbon source to grow their population, which increases also
the removal capacity. The conversion and breakdown of
organic contaminants by plant released substances, such as
enzymes, is called phytodegradation. The performance of
phytoremediation predominantly depends on the contami-
nant-plant-microorganism interaction. To ensure functioning
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phytoremediation mechanisms, an environment needs to be
established where plants can stay healthy and are able to
grow. To maintain plant health, limitations need to be
observed in terms of humidity, air circulation, light condi-
tions, water availability and soil characteristics. The amount
of microorganisms in the rhizosphere of the plant depends
on the plant health too, because only healthy plant roots
release sugars, amino acids, aliphatics, aromatics, and
enzymes to feed microorganisms and ensure their growth.
[0027] The performance of phytoremediation also
depends on characteristics of the contaminant. Especially
contaminants with a good chemical water solubility, a high
vapor pressure and small molecular size are easier to remove
than others. Factors like the charge and lipophilicity play an
important role as well. Furthermore, the soil needs to have
the ability to absorb and accommodate contaminants and
water and have a certain pH-value. The root zone distribu-
tion and the overall interfacial area strongly impact the
performance of phytoremediation.

[0028] In order to take advantage of the above-noted
pollutant removal mechanisms, botanical air filtration sys-
tems preferably pass air through the leaf and root zone of
indoor plants. These plants may be arranged, for example, in
potted plant applications or active botanical air filters, which
operate as forced air systems. The botanical air filtration
systems disclosed herein preferably include active botanical
air filters capable of filtering air with living plants located in
at least one container filled with a growth media.

[0029] The filtration systems preferably include lighting
and water systems capable of maintaining the health and
growth of the plants. Preferably, the plants are located in a
container that is configured such that the plants and growth
media define a plant bed that is substantially horizontal.
During operation, air (referred to herein as “intake air”) is
drawn over the plant bed, past the plants, and through the
growth media to remove contaminants, such as but not
limited to hazardous chemicals, volatile organic compounds
(VOCs), and carbon dioxide, and thereby improve air qual-
ity. As such, the filtration system preferably includes or is
fluidically coupled to an auxiliary system that includes an air
flow system capable of drawing the air through the plant
bed. Air that has passed through the plant bed is referred to
herein as “filtered air.”

[0030] The filtration systems may include various struc-
tures, sizes, components, and functions depending on the
specific application. For example, the system may be con-
figured to filter air in one or more enclosed rooms, air in an
entire building, or air passing through a larger apparatus.
The filtration systems may be configured to provide filtered
air that is conditioned for a specific purpose. For example,
the filtration systems may be configured to produce filtered
air having a relative humidity that is greater than or less than
the relative humidity of the intake air. As a specific nonlim-
iting example, a filtration system could be located within a
bathroom or restroom of a building and operated to filter and
reduce the relative humidity of air within the restroom.
[0031] According to a nonlimiting embodiment of the
present invention, the filtration systems may incorporate
what will be referred to herein as a “biowall,” which
comprises an enclosure that contains a vertical wall in which
living plants are supported and grown. Optionally, the
enclosure can be comparable to a plenum or duct of a type
used in a conventional heating, ventilation, and air condi-
tioning (HVAC) system as an enclosed space for airflow. The
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enclosure is preferably oriented vertically so that the plants
are arranged in vertical levels or tiers along the wall and air
moves through each individual tier of the enclosure. The
enclosure further contains an irrigation system for watering
the plants, and a lighting system for simulating sunlight.

[0032] The biowall can be integrated with a building’s
HVAC system to remove contaminants that reduce indoor
air quality. In this arrangement, return air from the building
may be drawn through the plant-containing enclosure of the
biowall as intake air, where pollutants (e.g., hazardous
chemicals and carbon dioxide) are naturally removed by the
plants. The resulting filtered air can then optionally be
combined with outdoor ventilation air before being recircu-
lated throughout the building using the ducts of the HVAC
system. Investigations indicate that use of a biowall allows
for the use of lower levels of outdoor ventilation air as
compared to conventional ERV systems, for example, as low
as about 5 percent outdoor ventilation air and potentially
lower, in comparison to about 20 percent outdoor ventilation
air of conventional systems, while achieving similar levels
of air quality. Due in part to a reduction in the need to
condition ventilated outdoor air, filtration systems compris-
ing a biowall have the potential to reduce energy consump-
tion, for example, by up to 15 percent and potentially
greater.

[0033] The biowall may be used in combination with
custom humidity control strategies to beneficially influence
moisture levels in a building. In particular, the biowall
contributes moisture to the filtered air that is beneficial
during the heating season and in arid climates due to
evaporation from watering of the plants. In addition, the
biowall can reduce moisture levels in a relatively high
moisture area, such as a bathroom or other location that
experiences a high latent load. Consequently, dehumidifica-
tion and/or humidification systems used in combination with
the biowall are preferably controlled to take into consider-
ation the biowall’s impact on moisture levels.

[0034] FIG. 1 represents a nonlimiting embodiment of a
biowall 10 which includes four plant filter beds arranged one
above the other at four filter levels or tiers to achieve an
overall filter area. Each filter bed and its plants are located
in a modularized tray 16 installed in one of the four filter
tiers, and each filter bed is preferably removable to enable
plant and growth media maintenance. As represented in FI1G.
2, the four removable trays 16 fit into a plenum 12. A
backduct 14 is located behind the plenum 12 and draws air
through the plenum 12 ands its trays 16. As evident from
FIG. 1, the backduct 14 can be hidden in a wall, closet, or
utility area. As represented in FIG. 2 (right), air flow through
each tier is preferably a combination of horizontal and
vertical flows across and through plants (not shown in FIG.
2) located in each tray 16, and the backduct 14 is configured
to combine the individual air flows (indicated with arrows)
from the plant filter beds into a single outlet including a fan
which draws air flow through the biowall 10. The structure
focuses on applying symmetries to the backduct 14 which
preferably promotes equal air flow through every filter tier.
To enable vertical flow through the horizontal filter beds and
plants’ rhizospheres, the trays 16 are equipped with holes
(50 in FIG. 6) on the bottom surface thereof so that the
backduct 14 is able to draw air downward through each tray
16 and through the plants and growth media (not shown in
FIG. 6) contained therein.
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[0035] FIG. 3 represents a vertical cross-sectional view of
the plenum 12 of FIG. 2. The plenum 12 accommodates the
trays 16 with the filter bed and plants therein (not shown in
FIG. 3) and supports the backduct 14 (not shown in FIG. 3)
on a back side thereof. A front side of the plenum 12 is open
to display the trays 16 and provide access for incoming air
to each individual tray 16. Preferably, the plenum 12
includes equal sized spaces 20 for each tray 16 and its plants.
Between these spaces 20, air chambers 22 are provided to
receive the downward flowing air that has vertically passed
through the trays 16 and guide the air to individual air
chamber outlets 24 at a back wall of the plenum 12 through
which the air passes and enters the backduct 14. Supports 23
may be are located at every air chamber 22 to carry the
weight of the trays 16. The supports 23 are preferably made
of suitably strong and corrosion-resistant material, such as
stainless steel, to avoid displacement of the material due to
high mass loads. A sealing material (not shown), such as a
foam tape gasket, may be secured at a top side of each
support 23 to promote the flow of incoming air through the
filter beds rather than bypassing the filter beds between
edges of the beds and the supports 23. The air chambers 22
are closed on the bottom side with an angle plate 28 which
slopes to direct drainage water from the tray 16 above to the
air chamber outlet 24 associated with the tier. Two fasteners
30 may be secured at every support 23 to hold the plant trays
16 in position.

[0036] FIG. 4 depicts the back side of the plenum 12 (left)
and an image of a prototype (right). Four air chamber outlets
24 are visible on the back side of the plenum 12. The three
upper air chamber outlets 24 are equipped with individual
drain trays 34 to allow an uptake of surplus water that may
drain from the trays 16 during watering. Drain pipes 36 are
therefore mounted to each of these drain trays 34 which
direct the surplus water to a main drain 48 (FIG. 5) located
at a lower end of the backduct 14. In this arrangement, the
lowermost air chamber outlet 24 drains directly to the main
drain 48; however, a drain pipe 36 could also be coupled
thereto if desired. In order to promote an even distribution
of air flow through the system, FIG. 4 further represents
slide gates 32 located at the air chamber outlets 24 which
allow for air flow adjustment. Preferably, each air chamber
outlet 24 includes a guide rail that holds its slide gate 32 and
allows for vertical movement of the gate 32 to adjust the
cross-sectional area of the outlet 24, for example, the
cross-sectional area of an air chamber outlet 24 can be
reduced by lowering its slide gate 32. Fasteners may be
provided on the guide rails to fix the positions of the slide
gates 32. As such, the slide gates 32 and the configuration of
the plenum 12 promote an equal air flow through each of the
trays 16.

[0037] FIG. 5 represents an isolated view of the backduct
14 of the biowall 10 which is configured to provide a
low-resistance air flow path from the individual air cham-
bers 22 to a central outlet duct and further to a return of an
HVAC-system (not shown). The backduct 14 includes a duct
42 which may be formed as a rectangular frustum and
secured to a center component 40. The air flow through the
system can be induced with an axial fan (not shown) located
within or downstream of an exhaust hole 44 in the backduct
14. The backduct 14 is represented as having a substantially
symmetric shape between the fan position and the air
chamber outlets 24 in order to promote equal air flow
conditions through each tier within the plenum 12. The duct
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42 also contains a hole 46 for an air tight access door.
Between the duct 42 and the plenum 12, the rectangular
center component 40 provides space inside the backduct 14
for the slide gates 32, single drain trays 34, and the drain
pipes 36. The main drain 48 may be located at the lowermost
extent of the center component 40. The center component 40
may include mounting holes 38 to secure it to the plenum 12
with fasteners. To ensure a watertight and airtight fit, a metal
lip is located around the center component 40 and may
include a sealing material (not shown), such as a foam tape
gasket.

[0038] The trays 16 may have any shape, but are prefer-
ably rectangular boxes which accommodate the growth
media, plants, and a water distribution system (e.g., soaker
hoses 60 in FIG. 8). FIG. 6 depicts a tray 16 and and a
pattern of holes 50 formed in the bottom thereof. As previ-
ously noted, the holes 50 allow air to flow vertically through
the growth media and plant rhizosphere. The hole pattern is
also configured to promote a uniform air flow across the
surface of the tray 16, which is provided by a decreasing
diameter of the holes 50 from the front to the back of the tray
16. A stainless steel mesh (not shown) may be located inside
the tray 16 to cover the holes 50 and reduce the likelihood
that the growth media can fall out through the holes 50 and
accumulate in the air chamber 22 therebelow. The trays 16
may include mounting fixtures 52 to hold them in position
in the plenum 12. For example, two holes may be located in
a bottom of the trays 16, which are configured to mate with
the fasteners 30 on the plenum 12. The holes may be covered
with sleeves or otherwise sealed at the inside of the tray 16
to prevent water leakage.

[0039] To promote an even water distribution inside the
trays 16, a low volumetric flow rate combined with a plane
drip irrigation may be used. Therefore, soaker hoses 60 may
be located within growth media 58, for example, in a spiral
pattern as represented in FIG. 8. One end of the soaker hose
60 is preferably sealed with an end cap and the other end
may be equipped with a connector for receiving water from
a suitable water supply. The connector is shown in FIG. 7 as
being mated with a corresponding adapter at a water con-
nection point 56 within the plenum 12. This allows for
disconnection and removal of the soaker hose 60 from the
biowall 12 for maintenance. Furthermore, the water connec-
tion point 56 is preferably equipped with a valve which
allows for the ability to selectively shut down water flow at
each tier if a tray 16 is displaced. In addition, the modular-
ized design of the trays 16 allows for watering system
changes with the change of a tray 16. In case of over-
watering of the plants, the air chambers 22 underneath the
trays 16 and the drain trays 34 at the back of the plenum 12
are able to collect the surplus water and conduct it to the
main drain 48, which may be connected to a drainage line
within the building plumbing system. Hence, the whole
watering system is preferably a one-way system which does
not recycle water to prevent clogging the soaker hoses 60.
However, it is foreseeable that the drainage water could be
filtered and returned to the watering system.

[0040] FIG. 9 displays an exemplary piping system for
providing water to the plenum 12. Water from a water source
enters the piping system of the biowall 10 at a common inlet
point 62. Preferably, equal amounts of water flow from the
common inlet point 62 to individual inlet points 64, one for
each tray tier, which are attached to the water connection
points 56. It is foreseeable that the piping system may be
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hidden from view from living spaces within a house but
accessible from a closet or utility area behind the backduct
14.

[0041] As represented in FIG. 7, the plenum 12 includes
light sources 54, for example, LED grow light strips, which
may be equally spaced above each tray 16. The light sources
54 preferably emit wavelengths which support photosynthe-
sis and have a natural white color.

[0042] Preferably, the botanical air filtration system com-
prises various controls for operating the system and main-
taining the health and growth of the plants. As previously
mentioned, the system maybe integrated into a building’s
HVAC system in order to remove contaminants from, for
example, the return air. In order to improve the integration
of the botanical air filtration system into the HVAC system,
the botanical air filtration system may include controls for
operating the HVAC system of the building and/or the
HVAC system may include controls for operating the botani-
cal air filtration system. The botanical air filtration system
may include a water control system for controlling watering
of the plants. Such control system may be configured to
provide water to the plants, and control the relative humidity
within the biowall 10, and reduce or minimize the impact of
the irrigation system on the relative humidity of the air
within the building. A light control system may be included
to control the light sources 54, and may be configured to
adjust light output based on health of the plants, preferences
of residents of the building, and energy use of the lighting
system. An airflow control system is preferably included for
controlling the air moving through the botanical air filtration
system. Such control system may be configured to adjust air
flow, for example, by adjusting the fan speed and/or position
of slide gates 32, based on factors such as air quality,
pressure within the botanical air filtration system, and the
health of the plants.

[0043] Various types of plants may be used in the biowall
10. In investigations leading to the present invention, three
different plant types were used in the biowall 10: Epiprem-
num aureum (Golden Pothos), Chlorophytum comosum
(Spider Plant), and Philodendron scandens (Heartleaf Philo-
dendron). These plants were chosen for their air-cleaning
potential and resistance to changing environmental condi-
tions. The plants were raised in the growth media 58 itself
instead of soil. After taking plant cuttings from a mother
plant, the cuttings were initially potted into vermiculite (side
Ain FIG. 10), a loose mineral growing mix which allows the
plants to establish roots. A root hormone was added to boost
root growth. The plants stayed in the vermiculite for 1-2
weeks under high watering conditions before they were
potted to a growth media mix of 50% coco coir (fiber
growing media) and 50% Growstone® GS-2 (soil aerator).
[0044] After 2-3 months in the growth media mix, the
plants were moved into the biowall 10. Based on the
investigations, a particularly suitable growth media compo-
sition may include 40% coco coir, 40% Growstone GS-2,
and 20% activated carbon pellets (Acurel® Extreme Acti-
vated Carbon Pellets). The activated carbon pellets are
commonly used to capture pollutants from the air for later
degradation by microorganisms. In the biowall 10, this
function may help to compensate peak concentrations of
pollutant and provide a more constant pollutant feed to the
microbial community.

[0045] FIG. 11 is a cross-sectional side view that sche-
matically represents another nonlimiting botanical air filtra-
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tion system. As represented, this embodiment is similar in
construction and operation to a single tray 16 (and its
surrounding enclosure) from the biowall 10 of FIGS. 1
through 10. In this figure, reference numbers consistent with
those used in reference to the embodiment of FIGS. 1
through 10 are used to identify the same or functionally
equivalent elements, but with a numerical prefix (1) added
to distinguish the particular embodiment from the embodi-
ment of FIGS. 1 through 10. The system is configured such
that air (represented with arrows) is drawn through a first
opening in the a side of the enclosure 112 into a space 120
within the enclosure 112 such that the air travels laterally
(horizontally) over and/or through the leaves of the plants,
downwards through the growth media 158, into an air
chamber 122, and then out of the enclosure 112 through a
second opening 124. The system includes means of provid-
ing the plants with light (e.g., light source 154 and corre-
sponding controls) and water (e.g., water connection point
156, soaker hose (not shown), and corresponding controls),
and includes means for controlling the movement of the air
relative to the plants and growth media (e.g., fan, hole
pattern in tray, slide gates (not shown), and corresponding
controls). These means can be accomplished in substantially
the same manner as previously described in relation to the
embodiment of FIGS. 1 through 10. Preferably, the plants
and growth media 158 are contained within a removable tray
116 to provide convenient access to the plants. Preferably,
the air drawn into the enclosure 112 travels horizontally and
vertically through the growth media 158. The embodiment
of FIG. 11 may be used in various applications. For example,
the enclosure 112 may be incorporated into a relatively small
standalone device configured to filter and/or affect the
relative humidity of a room. In such an example, the
conditioned air expelled from the second opening 124 may
be released or forced into the same room from which the air
was originally drawn into the first opening. Alternatively, the
enclosure 112 may be incorporated into a relatively large
system wherein the conditioned air passing through the
second opening 124 is transported to another portion of the
system.

[0046] While the invention has been described in terms of
a specific or particular embodiment and investigations, it is
apparent that other forms could be adopted by one skilled in
the art. For example, the biowall and its components could
differ in appearance and construction from the embodiment
described herein and shown in the drawings, functions of
certain components of the biowall could be performed by
components of different construction but capable of a similar
(though not necessarily equivalent) function, and various
materials could be used in the manufacturing of the biowall
and its components. In addition, the invention encompasses
additional or alternative embodiments in which one or more
features or aspects of the different disclosed embodiments
may be combined. Accordingly, it should be understood that
the invention is not limited to any embodiment described
herein, illustrated in the drawings, or disclosed in the
attached document. It should also be understood that the
phraseology and terminology employed above are for the
purpose of describing the disclosed embodiment and inves-
tigations, and do not necessarily serve as limitations to the
scope of the invention. Therefore, the scope of the invention
is to be limited only by the following claims.

Sep. 28,2017

1. A botanical air filtration system comprising:

an enclosure;

a wall within the enclosure on which living plants are
supported and grow in one or more horizontal plant
beds defining vertical tiers along the wall, wherein air
moving through the enclosure flows horizontally and
vertically and travels adjacent leaves of the plants,
through a growth media in the plant bed, and then out
of the enclosure;

an irrigation system for watering the plants; and

a lighting system for simulating sunlight.

2. The botanical air filtration system of claim 1, wherein
the wall includes more than one horizontal plant bed along
the wall.

3. The botanical air filtration system of claim 2, wherein
the plants are located within trays in each of the vertical
tiers, the system further comprising means for adjusting
airflow between the trays.

4. The botanical air filtration system of claim 3, further
comprising means for adjusting airflow laterally across each
of the trays.

5. The botanical air filtration system of claim 3, wherein
each of the trays is removable from the vertical tiers and are
configured to maintain an air tight seal around a base of the
tray such that air moving through the enclosure flows
horizontally and vertically through the trays.

6. The botanical air filtration system of claim 1, further
comprising means for integrating the enclosure with an
HVAC system of a building so that return air from the
building is drawn through the enclosure to remove pollutants
with the plants.

7. The botanical air filtration system of claim 6, wherein
the air that has passed through the enclosure is combined
with outdoor ventilation air before being recirculated
throughout the building.

8. The botanical air filtration system of claim 6, further
comprising means for controlling the HVAC system of the
building and/or means for controlling the botanical air
filtration system with the HVAC system of the building.

9. The botanical air filtration system of claim 1, further
comprising means for controlling a dehumidification system
and/or a humidification system used in combination with the
botanical air filtration system to take into consideration a
humidification effect of the botanical air filtration system.

10. The botanical air filtration system of claim 1, further
comprising a water control system for controlling the irri-
gation system and an impact of the irrigation system on the
relative humidity of the building.

11. The botanical air filtration system of claim 1, further
comprising a light control system for controlling the lighting
system, and adjusting light output based on health of the
plants, preferences of residents of the building, and energy
use of the lighting system.

12. The botanical air filtration system of claim 1, further
comprising an air flow control system for controlling the air
moving through the vertical tiers and the enclosure, and
adjusting air flow based on air quality, pressure within the
botanical air filtration system, and health of the plants.

13. A method of using a botanical air filtration system, the
method comprising:

drawing air through an enclosure of the botanical air
filtration system, the enclosure having a wall within the
enclosure on which living plants are supported and
grow in one or more horizontal plant beds defining
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vertical tiers along the wall, wherein the air drawn
through the enclosure flows adjacent leaves of the
plants, through a growth media in the plant bed, and
then out of the enclosure;

watering the plants with an irrigation system of the

botanical air filtration system; and

simulating sunlight for the plants with a lighting system of

botanical air filtration system.

14. The method of claim 1, wherein the wall includes
more than one horizontal plant bed along the wall, the
method further comprising adjusting airflow between the
plant beds.

15. The method of claim 1, further comprising integrating
the enclosure with an HVAC system of a building so that
return air from the building is drawn through the enclosure
to remove pollutants with the plants.

16. The method of claim 6, further comprising combining
outdoor ventilation air with the air that has passed through
the enclosure and then recirculating the combined air
throughout the building.

17. The method of claim 6, further comprising controlling
the HVAC system of the building with the botanical air
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filtration system and/or controlling the botanical air filtration
system with the HVAC system of the building.

18. The method of claim 1, further comprising controlling
a dehumidification system and/or a humidification system
used in combination with the botanical air filtration system
to take into consideration a humidification effect of the
botanical air filtration system.

19. The method of claim 1, further comprising controlling
the irrigation system and an impact of the irrigation system
on the relative humidity of the building with a water control
system of the botanical air filtration system.

20. The method of claim 1, further comprising controlling
the lighting system and adjusting light output based on
health of the plants, preferences of residents of the building,
and energy use of the lighting system with a light control
system of the botanical air filtration system, and controlling
the air moving through the vertical tiers and the enclosure
and adjusting air flow based on air quality, pressure within
the botanical air filtration system and health of the plants
with an air flow control system of the botanical air filtration
system.



