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SYSTEMS AND METHODS FOR TREATING GREY WATER ON-BOARD
PASSENGER TRANSPORT VEHICLES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application Serial
No. 61/672,826, filed July 18, 2012, titled “Systems and Methods for Conversion of
Grey Water to Potable Water,” the entire contents of which are hereby incorporated

by reference.

FIELD OF THE INVENTION
[0002] Embodiments of the present invention relate generally to treatment
systems and accompanying logic for determining how and to what extent spent or

used (i.e., grey) water is treated on-board a passenger transport vehicle.

BACKGROUND
[0003] Water is an expensive resource to store aboard passenger transport
vehicles, such as aircraft, due to its high density and large volume of consumption on
flights, especially international flights. For example, on-board a B777 sized aircraft
tasked with a 10 hour mission, passenger use of potable water from sink faucets
accounts for about 135 gallons of water pouring down lavatory sinks each flight,
which accounts for about 40% of in-flight water consumption. This water is generally
referred to as “grey water,” which refers to water that has been soiled but that does
not contain sewage or “black water.” Grey water is the spent or used water that has
been used for hand-washing, and may contain contaminants such as soaps or other

detergents.

[0004] A method or system to recycle grey water would be of benefit to airlines in
many capacitics. For example, it would reduce the overall consumption of water; it
would reduce the mass of the water required to be carried per flight, which could
generate the ability to carry alternate payload instead of water; and it would allow the
airline to tout itself as environmentally-friendly and as interested in conservation of
resources. Modern technologies to produce potable water from grey water have not
been designed for aircraft use; they tend to be heavy and large or treatment takes far
too long for the 10 hour flight-time of even a long haul mission. The principles of

municipal water treatment have been used to design a small scale treatment unit, sized
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for vehicle lavatories. Suspended solids, typically removed via gravity in large
sedimentation pools, will be removed utilizing grey water filtration technology. The
chemicals contributing to biochemical oxygen demand (BOD) will be removed
quickly by a small scale biological trickling filter as opposed to the large scale
degradation that occurs in municipal aeration tanks. Final clarification steps will be
completed using further filtration and activated carbon, and a disinfection step
utilizing UV will replace the large sedimentation and chlorine contact basins used to

polish municipal water.

[0005] The present inventors have thus sought to develop a grey to potable water
system with the potential to overcome these issues and to reduce the weight of each

flight by significant amounts, while simultaneously cutting grey water waste.

BRIEF SUMMARY
[0006] Embodiments of the invention described herein thus provide a system to
cleanse grey water through a series of treatment steps, and then to use the new potable
water again in the faucet and/or toilet. (It is also envisioned that the water could be
treated sufficiently to be delivered to an on-board coffee maker or for other potable
water usage.) In this way, a set water volume per lavatory can be used continuously
for the duration of a flight. The system functions via a cascade of logic commands
given by a series of electronic controllers, valves, and sensors which are fine-tuned to

supply enough water to each component of the system.

[0007] The system may also include logic that determines how and to what extent
the grey water is to be treated on-board a passenger transport vehicle. During busy
lavatory times on the flight, some grey water may be treated to a lesser extent and
delivered to the toilet for use as flush water, while other grey water may be treated to
a higher sanitary standard level and delivered to the sink for hand washing water. As
another example, during high water usage times in the galley (such as take-off and
meal times, when coffee and/or espresso is brewed), the grey water may be treated to
become potable water quality and delivered to the galley. The logic can determine
how and when the treatment should occur, based on flight times, and/or water levels

in the various treatment stacks.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0008] FIG. 1 shows a schematic of a water treatment stack according to one

embodiment of this invention.

[0009] FIG. 2 shows a schematic of an alternate water treatment stack

configuration according to another embodiment of this invention.

[0010] FIGS. 3 and 4 show logic flowcharts, guiding the flow of grey water

depending upon various factors.

DETAILED DESCRIPTION
[0011] The general workflow of one embodiment of the grey water conversion
system 10 is shown in FIG. 1. Water used to wash one’s hands, face, etc. comes from
the faucet 12 and is subsequently drained from the sink 14. This water is then stored
in a grey water accumulator 16 until an electronic signal is given for the contents of
the accumulator 16 to be treated. The grey water can be either constantly pressurized
by a pump 18 (shown in the Treatment Stack 20) or pressure can be delivered on
demand. In either case, a valve is opened to release the grey water into a Water
Treatment Stack (WTS) 20. This treatment stack 20 contains a series of water
purification steps to convert the grey water to re-usable (and in some instances,

potable) water that is NSF compliant for relevant safety standards.

[0012] The primary treatment will consist of a filtration step 1 in order to remove
large suspended solids and foamed soaps. Filter media will be designed to allow
ample flow while preserving sufficient filtration of grey water. A media filtration
module may require periodic backwashing in order to remove filtered debris and
recharge media. This maintenance can be scheduled alongside the regular fill and
drain of the water and waste systems when aircraft is docked. As aircraft
maintenance can be costly, it is desirable to maximize the time between filter cleaning
or replacement. One measure to increase filter lifetime is to utilize the available

vacuum in the vacuum waste system to backwash the filter media.

[0013] A biological media column, step 2, will be utilized to react with remaining
suspended and dissolved organics to further treat the grey water influent. Influent will
enter the top of the column and trickle down through the media via gravity. The media
will ensure a tortuous path for the grey water and ensure sufficient contact time. The

media supports the growth of beneficial microbial systems which sorb significant
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amounts of dissolved organic material from the influent as food substances. A

clarifying cache is utilized to capture any sloughed microbial growth.

[0014] Remaining suspended solids and macromolecules will be removed as the
influent passes through a series of membrane filters 3. Head loss (which is the
measure of the reduction in the total head of liquid as it moves through the system) of
water from the previous treatment steps will be addressed with a pump sized for the

anticipated demand and necessary head pressure.

[0015] While the majority of organic molecules will have been filtered out at this
point in the treatment process, the possibility of pathogenic transfer cannot be
ignored. Sterilization of any organics will thus be achieved using a UV or
UV/Photocatalytic system 4. Residence time and UV intensity will be optimized for

maximum efficacy and minimal power consumption.

[0016] When the water exits the final step of the treatment stack, it is desirably
considered to be potable. As an added safety measure, this water may be tested for
quality, again in relation to NSF standards, at the water quality sampling unit 22.
Rapid quality measurements will be used to justify treated water quality and safety. If
the water is not compliant with the set standards, then a halt can be placed on the
further use of this recycled water, and the direct fresh water reservoir may be used
instead. Furthermore, an alert can be sent to the crew/maintenance staff aboard the
aircraft to notify them that there is an issue with the water filtration system so that the
necessary measures can be taken to either fix the problem or quarantine it from
contaminating passengers aboard the aircraft. Alternatively, this water may be
delivered to a flush water accumulator tank, as described further below. If the water
does pass the water quality sampling step, it will safely pass through to the potable

water accumulator 24 without tripping any alarms.

[0017] Similar to the functionality of the grey water accumulator 16, the potable
water in its respective accumulator 24 will sit idle until it is needed by another module
in the system; in this case, either the faucet 12 or toilet 26. Similar to the grey water
accumulator tank 16, the fresh water can either be under constant pressure from a

pump 28 or an on-demand system can be used. In either case, when a valve is opened

PCT/US2013/050608
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to direct the cleaned water to the faucet 12 or toilet 26, the potable water is driven by

pressure to the desired destination.

[0018] In an alternative embodiment shown in FIG. 2, the water is stored in the
grey water accumulator 16 and diverted to either the Potable Water Treatment Stack
A (PWTS A) (30) or to the Flush Water Treatment Stack B (FWTS B) (32). The
PWTS 30 functions as described above with respect to FIG. 1. FWTS (Stack B) 32 is
merely superficial treatment of the water to make it presentable in a toilet setting. In
this respect, the water does not need to be potable and thus the potable water
treatment stack’s resources can be preserved to make more potable water available to
passengers on the flight. The Flush Water Treatment Stack 32 can consist of one or
more water treatments, including but not limited to odor reduction, particulate
climination, and color transformation (which may be referenced as steps 5, 6, 7,
and/or 8 on Figure 2). A treated flush water accumulator 34 may be used to store the
treated flush water, if it is not needed for immediate use. Examples of various types
of systems for using, storing, and treating grey water for its grey water flush systems

are described in various co-pending applications of the assignee.

[0019] The system 10 will continuously run by cleaning and transporting water as
needed between the sink 14, grey water accumulator 16, treatment stacks 30 and 32,
and potable water accumulator 24 and/or treated flush water accumulator 34. This
allows an aircraft to identify a particular amount of water to be used for a particular
lavatory, such that one set amount of water flows through the lavatory and its
accompanying treatment stacks, without any further water being needed. This closed
system can greatly reduce the water load required to be carried. For example, the
initial allotted amount of water for both hand washing/sink water and flush water may
be determined, and the same amount of water continues to flow through the system
10.

[0020] However, there is the possibility that water may be lost from the system
due to spills, evaporation, toilet flushes, etc. In these cases, this water needs to be
replenished so as to preclude the failure of the system due to lack of water. A sensor
may be provided to signal a controller to automatically replace lost water into the
system 10. This water may be pulled from the main on-board water tank. It is

generally desirable for one grey water treatment loop to maintain a general
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equilibrium total water volume. (The sensor is to detect the level of water available in
the grey water reservoir may be mounted to the reservoir wall and may use a sensing
technology and design that maximizes accuracy and reliability. For example, a non-
intrusive capacitive level sensor may be mounted to the gray water reservoir walls so
as to preclude exposure to potentially corrosive influents and provide accurate liquid

levels.)

[0021] Accordingly, treatment stacks and plumbing architecture may be designed
for a single lavatory, in order to create a water flow path that will support that
lavatory for an entire flight or for a portion of a flight, depending upon the size of the
lavatory, aircraft, and/or flight time. In another embodiment, the system may be sized
to serve all lavatories in a localized lavatory complex, such that multiple pipes may be
added to deliver the treated water from either the PWTS 30 or the FWTS 32 to the

sinks and toilets of near-by lavatories.

[0022] In a further embodiment, there is provided a logic system that instructs the
grey water accumulator 16 where to deliver the grey water to be treated, i.e., whether
the water should go to PWTS 30 or to the FWTS 32. A schematic of one type of logic
is provided in Figure 3. There may be provided a water level sensor 40 in cach of the
stacks 30, 32, which indicates the water level and can be programmed to determine
the desired amount of water for optimal usage flow. If flush water is needed, then the
water is routed to the Treatment Stack B (the FWTS 32). The water may be treated
more quickly in this stack because fewer steps are required, and the treated water is
delivered to the toilet for use as flush water. If, however, flush water is not needed at
that point, which can be determined by a water level sensor in each treatment stack or
via the alternate logic system shown in Figure 4, then the logic system inquires as to
whether sink/hand washing water is needed. If it is, then the water is directed to
Treatment Stack A (the PWTS 30). The water is treated here to be sufficient for use
as hand-washing water, meaning that it need not be entirely potable, i.e., drinkable, as
one would not typically drink sink water, but it is sufficiently treated for use as hand-
washing water, such that it is bacteria-free and clear. This can be determined in a
number of ways. For example, in one embodiment, the water quality sampling system

may be set to indicate a cleanliness level, e.g., potable or if not completely potable,
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then sufficient for uses other than drinking, but water that has been treated to a higher

degree than flush water.

[0023] If sink/hand washing water is not needed, then the logic system inquires as
to whether water is needed in the galley, for example, for coffee or espresso brewing.
If it is, then the water is directed to Treatment Stack A (the PWTS 30). The water can
be treated to an even higher quality if desired, by delivering the water through an
extra treatment step in order to ensure that the water is sufficiently potable. This is
again determined by the water quality sampling step. The water is then routed to the
galley. If water is not needed in the galley at that time, then the grey water can be
delivered to an intermediate grey water holding tank (not shown, but generally
positioned away from the lavatory for space-saving reasons) or it may remain in the

grey water accumulator 16 (under or near the sink) until a need is triggered.

[0024] An alternate logic system is provided in Figure 4, and this logic is based
on flight timing, rather than specific water needs. Depending upon what events are
generally occurring in the flight schedule, the system determines and decides where to
send the water based on pre-programmed knowledge about general user needs at those
times. For example, during taxi, take-off and landing, the lavatories are closed, so the
need for flush water and hand-washing water is generally low. However, the need for
water for coffee brewing is typically higher at those times. By contrast, once the
captain turns off the “fasten seat belt” sign, passengers often get up to use the
lavatories, which means there will be an increased need for flush water. Similarly,
during meal service, passengers generally remain seated, but extra water may be
needed in the galley at this time. Then, passengers also get up to use lavatories after
meals have been served. This is another high use time when water can be routed back

to the FWTS.

[0025] Although the PWTS is able to treat water to be completely potable and
drinkable, it may be desirable to provide varying levels of treatment, with the highest
level of treatment being delivered to the water intended for galley use. If desired, a
third treatment stack may be added to the system, which can have an even higher

water quality sampling standard for galley use.

PCT/US2013/050608
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[0026] While the foregoing written description of the invention enables one of
ordinary skill to make and use various embodiment of the invention, those of ordinary
skill will understand and appreciate the existence of variations, combinations, and
equivalents of the specific embodiments, methods, and examples herein. Changes and
modifications, additions and deletions may be made to the structures and methods
recited above and shown in the drawings without departing from the scope or spirit of

the invention and the following claims.
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What is claimed is:

L.

A water flow and treatment system for a passenger transport vehicle having a

lavatory, the lavatory having a faucet/sink and a toilet, the system comprising:

(a) a grey water accumulator positioned to capture used hand washing water
from the sink;

(b) a potable water treatment stack configured to receive at least a portion of
the used hand washing water from the grey water accumulator and to treat
the water to a first desired quality level;

(c) a water quality sampling system associated with the potable water
treatment stack and configured to sample exiting water;

(d) a flush water treatment stack configured to receive at least a portion of the
used hand washing water from the grey water accumulator and to treat the
water to a second desired quality level that is lower than the first desired
quality;

(e) wherein the potable water treatment stack delivers its exiting water to the
faucet/sink in the lavatory and/or is routed to a galley for use; and

(f) wherein the flush water treatment stack delivers its exiting water to the

toilet in the lavatory.

The system of claim 1, wherein a single lavatory has a single water flow and

treatment system.

The system of either of claims 1 or 2, wherein one water flow and treatment

system services more than one lavatory.

The system of any of the preceding claims, wherein the passenger transport

vehicle comprises an aircraft.

The system of any of the preceding claims, further comprising a valve
configured to deliver water to either the potable water treatment stack or to the

flush water treatment stack, depending upon water needs.

PCT/US2013/050608
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6.

10.

The system of claim 5, wherein the water needs are determined by the logic of

claim 8.

The system of any of the preceding claims, further comprising water level
sensors in the potable water treatment stack and in the flush water treatment

stack.

A water flow logic system for a lavatory of a passenger transport vehicle, the
lavatory having a faucet/sink and a toilet, the water flow logic system
comprising:

(a) a grey water accumulator positioned to capture used hand washing water
from the sink;

(b) a potable water treatment stack configured to receive water from the grey
water accumulator and to treat the water to a first desired quality level;

(c) a water quality sampling system associated with the potable water
treatment stack and configured to sample exiting water;

(d) a flush water treatment stack configured to receive water from the grey
water accumulator and to treat the water to a second desired quality level
that is lower than the first desired quality;

(e) a first water level sensor in the potable water treatment stack;

(f) asecond water level sensor in the flush water treatment stack,

(g) wherein the control logic system determines whether to send water to the
potable water treatment stack or to the flush water treatment stack based

upon water needs.

The system of claim 8, wherein the water needs are determined by the first and

second water level sensors.

The system of either of claims 8 or 9, wherein the water is sent to the

treatment stack that has a lower water level.

10
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11. The system of any of claims 8-10, wherein the water needs are determined by
flight scheduling occurrences, such as taxi, take-off, landing, seat belt sign

illumination status, meal times, or combinations thercof.
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