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BACKGROUND OF THE INVENTION

1. Field of the Invention

This disclosure relates to the field of water purification and converting wastewater
into potable water. In particular, to the use of supercritical water oxidation to purify water to
a potable state.

2. Description of the Related Art

The provision of clean drinking water is a problem the world over. In industrialized
areas, the provision of clean drinking water and disposal of wastewater is generally done in
two steps and often by two completely different agencies.

Water from the environment is generally not accepted as potable. Environmental
water is generally purified and cleaned prior to being provided to users with the water being
filtered generally multiple times and then treated with chemicals or other processes to destroy
microorganisms and remove harmful chemicals. The water may also need to be desalinated
to remove salt. This is performed by various water purification plants.

Pollution is introduced into potable water through industrial processes, human wastes,
and many other activities where water comes into contact with particular pollutants. In most
cases, it is necessary to remove some if not all of these pollutants before the water is returned
to the environment. This is performed by various wastewater treatment and sewage treatment
plants. |

Overall this process essentially results in a near perfect pattern of water recycling.
Water is taken from the environment and cleaned for use by humans making it potable in
most cases. The water is used and then cleaned for feturn to the environment where it is
“stored” until needed again.

While this type of dual process makes a lot of sense for a large industrialized city and

the world as a whole, in many situations the large scale treatment of water is simply not
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required or may not be economically feasible. This is particularly true in small towns or in
temporary residences such as refugee camps, military base camps, or onboard ships.

In these situations, the amount of water available is often a limited amount based on
the population and/or location and the available environmental water is regularly insufficient
to}handle the need. Further, because infrastructure may not be available or may not be
functioning, systems are often required to provide emergency relief. Because of this,
returning the used water to the environment and gathering environmental water is often not
possible and wastewater may be treated and filtered and returned to active use in a relatively
short period of time.

While these uses of water can be considered small in terms of quantity, they can still
require tens of thousands of gallons of water a day to be consumed and tens of thousands of
gallons of wastewater to be generated. Current water purification systems generally require
huge amounts of power to run purification systems, pumps, and filters to recycle wastewater
with a quick turnaround. Further, many of the most effective purification strategies require
one thing that these types of self contained environments do not have, which is time for the
wastewater to be treated.

To deal with this problem, most so-called self-contained systems are not self-
contained at all but rely on a steady influx of environmental water (and a steady outflow of
wastewater) or have a large supply of water available compared to the daily usage demands to
allow for the passage of time while water is being purified.

One place where the need for water purification is very necessary is the military.
Naval vessels often must be self reliant at sea and support the needs of their crew. Further,
ground based units will generally need a base camp or other location to meet the needs of the
soldiers which can be positioned far from any infrastructure. Further, such infrastructure,

even if it does exist, is likely to be non-functional because of the military activity and
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contamination concerns can be heightened during military actions as poisoning or fouling of
water supplies can be used to slow or halt a military forces’ progréss. Water sources
generally consist of local streams, ponds, and/or brackish water wells. Water purification is
also necessary for treating the output water of many human activities. Kitchens, showers,
latrines, and laundry services all need potable water to function without danger. All these
devices also produce contaminated wastewater that needs to be dealt with to reduce the
spread of disease and other dangers.

Currently, the logistics requirements for water in the military are immense. Even
when water sources are available to troops in the field, the power demands to pump and
purify water and to filter waste and dispose of the contaminants can be enormous. Most
existing systems also rely on separate logistics to dispose of solid waste generated by the
filtering process. Most of theée systems also rely on the burning of diesel or other fossil fuels
to generate pc;wer which is also polluting and can further increase logistics trails and cost to
purify water. Fuel consumption associated with the logistics trail is the predominant cost
factor of the overall process, and fuel cost is dictated by the distance traveled to deliver it. For
these reasons the ability to process water locally, whether from a water source or wastewater,
is a highly sought after operational capability.

The most recent and considered best water purification systems treat water by
screening, coagulation, micro-filtration, reverse osmosis, and chlorine disinfection.
Additionally, ion exchange and activated carbon may used when the source of water is known
to be contaminated with bio-chemical threats. While reverse osmosis is the technology of
choice to process "raw" water, the process still has major limitations in the presence of certain
contaminants like oil, fuel, silt, algae and viruses, and depending on the contamination, the
“raw”’ water may not be able to be processed to a potable level. Furthermore, reverse osmosis

only recovers a portion of the processed water for potable use. The remainder comes out as a
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brine solution which requires proper disposal. The use of granulated carbon in addition to
reverse osmosis can be used to improve potabflity, but demands that the carbon column be
maintained at very strict time intervals in order to ensure that safe potable water levels are
met. The addition of calcium hypochlorite to the reverse osmosis treatment may also improve
the water product, but certain biological agents are known to be chlorine resistant.

This entire purification system is costly, requires significant supervision, and is still
not a particularly high efficiency process. Because of this, water purification is often a costly,

cumbersome, and expensive process.
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SUMMARY

Because of these and other problems in the art, described herein are systems and
methods for using supercritical water oxidation to purify water to a potable state. These
systems and methods are generally designed to be portable and to allow for relatively high
speed purifying of water without the need to have large influxes of environmental water,
disposal of large amounts of wastewater or wastewater byproducts, and decreased power
requirements.

There is described herein, in an embodiment, a method for generating potable W:clter
comprising: having a suﬁercritical water reactor (SCWR); providing the SCWR with raw
water; the re\lw water comprising water and at least one organic contaminant; placing the raw
water in a supercritical state thereby dissolving the contaminant into the water; mixing
oxygen with the raw water; allowing the oxygen to completely oxidize the contaminant;
separating resultant water from other outputs of the oxidation; capturing the resulting water
using the resulting water as potable water.

In another embodiment, the raw water includes wastewater such as that from a laundry
system, a kitchen system, a shower system, a latrine system, a ships’ bilge, or a ships’ fuel
tank. In an embodiment the raw water may comprise sewage.

In another embodiment, the raw water is from an environmental fresh water source,
and environmental salt water source, or an environmental brackish water source‘.

In another embodiment, air may be mixed with the raw water to provide the oxygen.

In another embodiment the contaminant comprises at least one of a micro organism,
or an organic chemical compound. The contaminant may be suspended or dissol‘ved in the
water

In another embodiment the raw water also includes at least one of a salt, a metal, or an

inorganic chemical compound.
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In still another embodiment, there is described a system for purifying water
comprising: raw water comprising water, and at least one contaminant; an oxidizer; means for
taking the raw water and oxidizer and increasing pressure and temperature to make the water
in the raw water supercritical; the supercriticality and the presence of the oxidizer forming the
contaminant into a different material; and means for separating the water from the different
material.

In a still further embodiment of the system, the different material is selected from the
group containing water, carbon dioxide, and nitrogen. The oxidizer may also be oxygen
which may be provided as a part of air.

In yet another embodiment, there is described a system for purifying water
comprising: raw water comprising water and at least one contaminant; an oxidizer; and a
supercritical water reactor (SCWR); wherein in the SCWR, the water in the raw water is
placed in a supercritical state and the contaminant is formed into a different material due to

the water being in the supercritical state and the presence of the oxidizer.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 Provides a graph showing the conditions of supercritical water.

FIG. 2 Provides a flowchart diagram showing process flow in supercritical water
purification (FIG. 2A) and desalination (FIG. 2B).

FIG. 3 Provides an embodiment of an SCWO water purification and desalination
system.

FIG. 4 Provides a view of an embodiment of a wastewater purification system
utilizing thermal and work energy recovery from the process.

FIG. 5 Provides a view of a second embodiment of a water purification or
desalination system utilizing thermal and work energy recovery from the process and from the
exhaust of a diesel powered heating or electric generator system.

FIG. 6 Provides for the process flow of water in a laundry system using a distillation
water reclamation system (FIG. 6A) and the process flow of water in a similar laundry system
utilizing an embodiment of an SCWO purification system (FIG. 6B)

FIG. 7 Provides for a process flow of water in a kitchen system utilizing an

embodiment of an SCWO purification system.
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DESCRIPTION OF PREFERRED EMBODIMENT(S)

Disclosed herein, among other things, is a supercritical water oxidation (SCWO)
system for converting raw water which may or may not contain any kind of contaminant,
whether or not harmful to human beings or whether or not present in sufficient quantities to
harm human beings, into potable Wéter. The raw water may be supplied from any source of
water . Generally, the source will be at least partially wastewater supplies from prior human
use of potable water (e.g. liquid sewage, used shower runoff, used laundry water or similar
waters). In an alternative embodiment, the water may be partially or fully from
environmentally based water soufces for fresh water where potability will generally be
undetermined or insufficient (e.g. lakes, rivers, underground wells, rain water or the like). In
a still further embodiment environmental based sources of salt water (e.g. seawater) or
brackish water, may provide some or all of the raw water. This water may be potable but for
the salt content or may be additionally contaminated. In all cases, it is presumed that the raw
water will be desired to be purified or otherwise have various materials removed from it prior
to it being provided as potable water, even if such purification is not strictly necessary to
make the water potable to humans.

The term “raw water” as used herein is intended to be a general term relating to water
where purification is desired. This will generally be because the water has been ﬁreviously
used or is taken from the environment and is not viewed as clean or needs to be desalinated.
For clarity, the raw water is desired to be processed, even if such cleaning, purifying, or
desalination is unnecessary. Raw water generally will comprise of water mixed or in solution
with any number of contaminants. A contaminant is essentially any material mixed with or in
solution with the water and specifically includes, but is not limited to, pollutants,
microorganisms, metals, salts, biologicals, chemicals, or other materials. Most contaminants

of interest will be organic contaminants but that is not strictly required, and either or both
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organic and inorganic contaminants can be included. The contaminant may be suspended or
dissolvgd in the water, or may simply be carried by the water. Generally, it will be presumed
that the materials to be removed are either biological or chemical in nature such as those
which would occur in naturally occurring water sources, water sources purposefully or
accidentally fouled by man, or in wastewater generated from prior human use such as
cooking, cleaning, laundering, or latrine services. It should also be noted that the use of the
term “purifying” as used herein in conjunction with water can mean removing any
contaminant in the water including salt (desalination) to provide water in a purer form.

FIG. 1 generally shows the region (10) where water exists in its supercritical state. In
this discussion, supercritical water will generally be raw water which has been placed in the
supercritical state to purify it. It should be clear that supercritical water may include
contaminants in the water which may or may not be in a supercritical state. F IG, 2 provides a
general flowchart of the SCWO purification process in both a purification and a desalination
arrangement. As can be see;n, both arrangements are identical. The SCWO reaction water
provides for excellent solubility of organic materials and very low solubility of inorganic
materials. Salt is generally treated just like any other material to be removed.

Generally, as shown in the walkthrough of FIG. 2, the raw water will first be strained
in step (601) to eliminate relatively large solid particles such as flotsam, flora, and fauna
suspended in or carried by the water. In step (603) the input water will be pressurized and
heated in preparation for placement in the supercritical water reactor (SCWR) (605). In the
depicted embodiment, this pressurization and heating is performed at least partially by work
and heat transfer from the output effluent stream of the SCWR reaction step (605). In the
SCWR reaction step (605) pressurized air is combined with the water. Any organic matter
present in the water is fully oxidized in the reactor, while ash or salts (depending on the

contaminant(s) present) will be separated from the input water purifying the resultant (output)

10
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water. Thermal energy may be added to the reactor to maintain its temperature inside the
supercritical water region (10). The output effluent water will then pass into a work and heat
exchanger (603) where energy is transferred from the reactor output to the reactor input. In
step (607), the output effluent water is condensed to allow for water capture while other gases
present in the stream may be vented or otherwise removed. In step (609) the output water is
provided as needed either to distribution or storage systems.

FIG. 3 provides an embodiment of a block diagram showing the layout of a
supercritical water oxidation (SCWO) water purifier (50) which can be used to purify raw
water into potable output water by using SCWO processes. In FIG. 3 there are generally three
broad component stages which relate to the operation of the SCWO water purifier (50).

In the stage one components (100) raw water is input into the system. An oxidant
such as air or oxygen is also added into the system. Other gases may also be added to purge
the system as needed. In the stage two components (200), a supercri’pical water reactor
(SCWR) (201) takes in the pressurized and heated raw water and air mixture and converts the

~ raw water and contaminants into purified output water. In the stage three components (300),
the output water is condensed and collected and other output products are discarded.

In the stage one components (100) there are three chemical feeds: air or oxygen feed
(101), input water feed (103) and nitrogen feed (105). The air feed (101) is generally
arranged so as to allow air or oxygen to be obtained from a pressurized air tank or from
simply pumping in atmospheric air and having a compressor (112) compress the air to place it
under pressure. It may then be stored in gas storage (114). In a preferred embodiment, the
percentage of air in the resultant raw water/air mixture will be of significantly smaller
amounts than the amount of raw water used. The amount of air fed generally will depend on
the organic content of the water, and, in an embodiment, is determined during operation by

the gas analysis taking place near the end of the process stream in sensor system (307). Mass
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flow controller (121) controls the amount of air mass flowing in air feed (101). The air fed by
air feed (101) will generally comprise a mixture of nitrogen, oxygen and various other gases.
Generally the nitrogen will comprise about 78% of the mixture, oxygen about 21% of the
mixture and the other gases comprising 1%. For the purpose of this disclosure, the exact
composition of the other gases will be ignored as their effect is relatively minimal on the
resulting reaction and they will generally be vented later in the process. In an alternative
embodiment, the air feed (101) may actually feed pure oxygen into the system as the air feed
(101) is principally used to feed an oxidizer into the system. The nitrogen is generally present
but not utilized in regular operation and is instead used for purge as discussed later.

The input water feed (103) includes a liquid pump (104) designed to feed the raw
water into the system using any type of liquid feed technology known now or later developed.
The pump (104) preferably pressurizes the water to a pressure level near the critical pressure
of water (218 atm) as shown in FIG. 1. Before the input water is provided to the SCWR
(201), it will generally pass through a preheater (107) which heats the water to a point near
the critical temperature (374° C) as shown in FIG. 1. The air and raw water may be mixed
prior to entering SCWR (201) as in the depicted embodiment forming a raw water/air mixture
but may be mixed in the SCWR (201) in an alternative embodiment. Generally, there will be
valves (111) at various points between the air feed (101) water feed (103), and the SCWR
(201) (and at other points in the SCWO water purifier (50)) to prevent back feed, to regulate
the amount of each material provided in the mixture, and to maintain the pressure inside the
SCWR (201).

The first stage components (100) may also include a purging system as shown. The
purge system will generally comprise a nitrogen or other inert gas feed (105) which may be
provided in;[o the system under pressure. This purge can be used to clean the system of

residual materials during system shutdown.

12



WO 2004/101446 PCT/US2004/013903

As the input mixture of raw water and air enters the second stage components (200) it
enters into the SCWR (201). The SCWR (201) is typically a vessel constructed according to
known high pressure design codes of Hastelloy - C276, Inconel, or other suitable material. In
an alternative embodiment, the reactor may be constructed of stainless steel. The SCWR
(201) may be either a mixed-type or continuous tubular type. As depicted in FIG. 3, the
SCWR (201) may be equipped with heating elements (223). Depending on the organic
content of the raw water feed, the energy requirements of the SCWR (201) may be, in an
embodiment, self-sustaining eliminating the need for heating elements (223). Alternatively,
heat exchange components may be included in the system as discussed later.

In the SCWR (201), the supercritical water drives an oxidation reaction to break down
the organic contaminants suspended therein into additional water or other inert ingredients.

In particular, supercritical water completely dissolves all organic materials likely to be present
in the raw water. All these ingredients further will feact generally completely with oxygen in
a homogeneous reaction phase within the SCWR (201) resulting in water, carbon dioxide and
nitrogen as outputs. Equation 1 provides for a collection of chemical formulas sht;wing the
breakdown of some of the materials which can be present in raw water while in the SCWR
(201):

HOOC-R-NH,+0, - CO,+H,0+N,

H,N-CO-NH, +§02 -0, +2H,0+N,

INH, %02 >N, +3H,0 Equation 1

C,H,0, +10, - xCO, +(§)H20

Unlike many other types of reactions performed using supercritical oxidation, this
reaction preferably uses the water portion of the raw water as the source for supercritical

water to break down the materials in solution with the raw water. There is generally no need
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to provide additional water to allow the reaction. Unlike'many other treatment processes, the
process also converts nitrogen containing organic species into water, nitrogen, and carbon
dioxide as shown in Equation 1 which are all relatively harmless. Inorganic compounds,
which are generally insoluble in the supercritical water can be precipitated out as ash or salt.

In the depicted embodiment, the SCWR (201) is monitored by a temperature
controller (221) which senses the internal temperature of the SCWR (201) and as necessary
applies additional heat input to the SCWR (201) using heating elements (223) to maintain the
temperature in the SCWR (201) near the critical temperature of water. The pressure inside
the SCWR (201) is preferably monitored by pressure transducer (235), and, as necessary, the
pressure of water feed (103) is adjusted to maintain the pressure in the SCWR (201) near the
critical pressure of water. A pressure relief valve may also be present in case the pressure
inside the SCWR (201) reaches dangerous levels, if such high levels are detected, pressure
will generally be released from SCWR (201) via a vent to prevent danger.

Once the SCWR (201) has purified the raw water into output water and relatively
harmless components such as by the equations of Equation 1, the effluent stream (215) is
passed through a pressure regulating valve (211) and into stage 3 (300) components. Valve
(211) also serves to help maintain the pressure inside SCWR (201).

The stage three components (300) are principally related to capturing the output water
in the effluent stream (215) in a useful form. As the effluent stream (215) of materials will
still be in a high energy state, water steam may be drawn off via a steam output (271) if
necessary. The steam can then be used to provide steam heat, steam power, or to otherwise
be used as is known to those of ordinary skill in the art.

The temperature in the stage 3 components (300) will generally be lowered to allow
precipitation of the output water out of its supercritical fluid state. This precipitation may be

performed by a condenser (305). The resultant liquid water is collected by water collector
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(306) while the carbon dioxide and nitrogen gas (and other materials, if present) may be
removed using any manner known to those of ordinary skill in the art, or simply vented. The
output water will generally be tested for cleanliness by water tester (371) and be either piped
to where it is to be used or placed into storage vessels as is understood by those of ordinary
skill in the art.

Control of the SCWO water purifier (50) is performed in the embodiment of FIG. 3 by
monitoring the SCWR (201) effluent stream (215). A sensor system (307) containing a gas
chromatograph or other suitable sensor determines the composition in effluent stream (215).
From these results, a user can adjust the air feed (101) and water feed (103) to control the
residence time of the supercritical water/air mixture in the SCWR (201). The sensor system
(307) may control air feed input into the SCWR (201) by means of mass flow controller (121)
using automatic control. Alternatively, the system may be entirely regulated by a user.

Alternative embodiments of SCWO water purifier (50) may include energy recovery
means such as heat exchangers to reclaim heat from the output of the SCWR (201) to use to
pre-heat water feed (103), and/or pressure or work exchangers to reclaim pressure from the
output of the SCWR (201) to pressurize the raw water feed (103) into the SCWR (201).

The embodiment of FIG. 4 provides for a similar embodiment to that of FIG. 3,
however, in this system the heating system elements (223) surrounding the SCWR (201) are
specifically called out to be part of an electrical system (501). Further, the raw water is
passed through a pressure and heat exchanger (505) and (503) respectively. The effluent
stream (215) is also passed through the heat exchanger (503) and pressure exchange (505) on
its way out from the SCWR (201). These exchangers (503) and (505) may utilize any
methods or means known to those of ordinary skill in the art to exchange heat and pressure
from the resultant stream (215) to the raw water/air mixture to help raise its pressure and

temperature levels. In this way, the heat and pressure of the resultant stream (215) is recycled
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back into the raw water which helps to make the system run more efficiently and requiring
less heat from the heating elements (223) or preheater (107).

The embodiment of FIG. 5 takes the heat recycling program one step further. In this
embodiment, heat is provided by a diesel engine (511) combined with an electrical generator
(501). This is the type of power system one would expect fo be in use with an SCWO water
purifier (50) in use in a remote location (such as an army base camp) or for use in an
emergency or temporary settlement where power infrastructure either does not exist or has
broken down. It is well known to those of ordinary skill in the art that much of a diesel
engine’s energy consumption is rejected to the environment or lost to heat in the exhaust. In
this embodiment, the heat of the exhaust (513) is applied to either the SCWR (201) or to the
raw water/air mixture. This system is preferably used in conjunction with a heat exchanger
(503) and pressure exchanger (505) as shown in FIG. 4 to further improve the efficiency of
the system. As the diesel engine is likely to require engine coolant (515). The coolant for the
engine may be harnessed using a heat exchanger to provide heat to the raw water/air mixture.
This can further improve efficiency.

The embodiments of FIGS. 3-5 do not require a particularly large setup, or particularly
complicated operation. It should be apparent that the SCWO water purifier (50) could be
assembled to be readily vehicle portable to a variety of locations. In particular, the SCWO
water purifier (50) would preferably be able to fit on a pallet such as a forklift pallet or a 463L
pallet as used by the United States Air Force. Alternatively, a scaled up version of the SCWO
water purifier (50) could be placed in an over-the-road (OTR) truck trailer or on a pallet, crop,
or flatrack utilized by Load Handling System (LHS) trucks such as the HEMTT-LHS truck
used by the United States Army.

SCWO water purifiers (50) can be used in a wide variety of applications. Generally,

these applications will revolve around the creation of potable water for cooking, cleaning, or
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drinking by human beings, however the SCWO water purifier may be used anywhere water
purification is desired. This can include but is not limited to, purifying water to a potable
state for any use, and purifying of wastewater for safe discharge into the environment even if
potable water is not produced.

On-board ships, various supplies of water can be purified as necessary to provide
potable water. Ships may carry water in their bilges, in their fuel tanks, as ballast, or in other
supplies to service needs of both the ship and the crew. Water in these areas may be purified
using and SCWO water purifier (50) for use by the crew in cooking, cleaning, showering or
latrine services, or for drinking

FIG 6A and 6B show how an embodiment of the SCWO water purifier can be utilized
in a particular water process stream to simplify and render more efficient a water use process.
In particular, FIG. 6A provides for a Laundry Advanced System (LADS) as currently used by
the United States Army. As can be seen in FIG. 6A, water reclamation is performed through
a distillation system (60). Water loss in the system occurs from evaporation during the drying
cycle (409) and the evaporative cooler (411). There are generally two washing/drying
machines per unit which perform a wash cycle (401), 1st and 2nd rinse cycles (403) and
(405) and dry cycle (409). Each load of clothes takes about 65 minutes to launder. There is
also a generator (413) for heat in the dry cycle (409).

In FIG. 6A if no water reuse was performed in the multiple cycles and no reclamation
was performed, the LDS would consume 26,600 liters of water per day of operation under
normal circumstances. Simply reusing water in the wash (401) and two rinse cycles (403)
and (405) this drops to 9,840 liters per day. The inclusion of the distillation system drops this
use to 1,890 Liters per day but at the additional cost of generating 151 Liters per day of waste

water sludge which must be disposed of and uses 270 Ibs per day of fuel.
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In FIG. 6B the distillation system is replaced by an SCWO water purifier (50). In this
system, heat from the SCWR (201) outflow can be harnessed to provide heat to the drying
cycle. Further, heat and pressure exchange systems such as those in FIGS 4 and 5 can be
included to improve efficiency of the system in retaining heat. This allows for elimination of
the combustion chamber to provide heat for the drying cycle w}%ich can dramatically decrease
fuel use. Further, because the SCWO process breaks down organic contaminants into
additional clean water, the amount of sludge which must be disposed of is dramatically
decreased, and under certain circumstances, may even be eliminated. Still further, as the
output of the SCWR is hot water which can be immediately used for laundering, still further
efficiencies can be obtained from not having to heat the water.

While FIG. 6 provides for an embodiment of how an embodiment of aﬁ SCWO water
purifier may be used in a laundry setting it is not the only place where the technology is
beneficial. SCWO water purifiers (50) are also beneficial to other systems which utilize
water.

In another embodiment an SCWO water purifier (50) can be used in kitchen systems.
One such operation of a kitchen system is provided in FIG. 7. Kitchen waste water is
generally distinguished by the presence of oil, grease, and detergent. Oil and grease entering
the kitchen dr;ainage waste system tends to solidify somewhere downstream and can
eventually clog the sewer line or cause potential problems for the onsite or public sewage
system. For this reason, a grease trap is generally included in the drainage system. The
grease trap is generally designed to allow wastewater to flow through while trapping any free
or mechanically emulsified oil, and letting it float to the top where it can be mechanically
removed and disposed of as solid waste. Dishwashing flows are also rich in detergent, and
emulsify a high percentage of the separated fats held in a grease trap or other type of

separator. In addition to oil, grease and detergent, kitchen effluent contains food matter. For
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this reason the total suspended solids tends to be high which can result in both necessary solid
waste disposal, and clogging of existing purification systems.

The presence of organic material in tile effluent make kitchen systems ideal candidates
for SCWO water purifiers (50). Because of the SCWO reaction breaking down organic
matter into relatively harmless gases and water (see e.g. Equation 1), it is possible to process
the effluent without need for a grease trap as organic matter therein could be completely
oxidized in the SCWR (201) leaving only clean, potable water and relatively harmless gases.
This eliminates the need for the grease trap, as well as the daﬂy cleanup task, and the disposal
of the solid waste resulting in a much more efficient process.

In the embodiment of FIG. 7 the kitchen operation (800) is connected to the SCWO
water purifier (50). There are also included two tanks, a holding tank (801) for mixing grey
water and food waste together prior to providing the mixture to the SCWO water purifier (50)
as the raw water. The tank (803) may be used to store water prior to its need in the kitchen
operation (800). In the depicted embodiment, the hot water input to the kitchen operation
(800) utilizes work and heat exchangers of the SCWO water purifier (50) to help heat the
potable water for kitchen use which can further improve efficiency.

Similar to kitchen systems, the SCWO water purifier can be used in industrial food
service or manufacturing wastewater disposal. Numerous industries generate wastewater
streams including organic matter particularly in the production of foods. These include, but
are not limited to, beverage manufacturers, as well as plant and animal processing plants.
These wastewater sources are often difficult to handle as the food processing waste can
include dangerous microorganisms or spur undesirable organism growth. An SCWO water
purifier (50) can be used in these situations in much the same as in the kitchen system
allowing suspended food particles or dissolved items such as sugars to be broken down into

purified water and relatively harmless gases.
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An SCWO water purifier (50) may also be used to purify wastewater from items such
as portable or field shower systems. Shower systems are slightly unique because they utilize
input hot water. Several benefits are immediately apparent from the use of SCWO water
purifiers (50) to shower systems. Because the SCWR (201) effluent is hot water, the need for
a water heater is considerably reduced if not eliminated. This can result in reduced fuel
savings. Further, the SCWO water purifier (50) recycles such a high percentage of
wastewater that there is effectively no wastewater requiring disposal

One of the most interesting applications of the SCWO water purifier (50) is to sewage
or latrine systems where the purification or disposal of wastewater is particularly important to
prevent the spread of disease. The main ingredients in latrine wastewater include ammonia,
urea, organic acids, amino acids, proteins, sugars, and carbohydrates. All of these ingredients
are biological matter and will generally react completely with oxygen in a totally
homogeneous phase, resultiﬁg in only water, carbon dioxide, and nitrogen as previously
illustrated by Equation 1.

The sewage itself serves as the source for supercritical water to power the reaction
further not necessarily requiring additional input water. The most obvious benefit from the
application of an SCWO water purifier (50) to latrine or sewage systems is that there is no
black water or solid waste left for disposal after recycling which can greatly decrease the
possibility of contagious disease and other situations which can result from inadequate septic
systems and eliminates the need for logistics related to the disposal.

The above described embodiments have discussed how the SCWO water purifier (50)
system can be used to treat wastewater generated by a human population to create potable
water, even in self contained environments. The treated water may then be used to provide
for the potable water of the same human population. However, in other embodiments there

may be a need for simply purifying existing water sources and treatment of wastewater may
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not be necessary. Further, even in the above recycling of water, it is unlikely (but possible)
that the system will timely reach 100% efficient as water will be lost to evaporation during
use. Therefore, it is desirable to use an SCWO water purifier (50) to both purify and recycle
wastewater and provide additional purified water from earth-based sources simultaneously, or
to be used simply to purify environmental water leaving wastewater treatment to other
systems.

SCWO technology is well suited to the direct generation of potable water from all
types of environmental water including fresh water, brackish water, or sea water. The process
treatment is decisive, and its effectiveness is generally similar regardless of the input water
composition and the types of contaminants present. Because the oxidation reaction goes to
completion, the process is ideally suited as a detoxification and decontamination process.
The destruction efficiency in an embodiment can reach to 99.9999%. Further, the process is
“green” since it only uses naturally occurring, environmentally friendly species such as water
and air. Further, no hazardous byproducts are involved in the process or created by the
process. Still further, pre-sorting or pretreatment of the input water is not necessary due to
the virtually complete breakdown of contaminants.

In a still further embodiment, the SCWO water purifier (50) may even be used to
purify wastewater generated by other purification systems to improve efficiency or speed of
purification. This is also a particularly useful source for transitioning between existing
purification systems and SCWO systems.

While the invention has been disclosed in connection with certain preferred
embodiments, this should not be taken as a limitation to all of the provided details.
Modifications and variations of the described embodiments may be made without departing

from the spirit and scope of the invention, and other embodiments should be understood to be
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encompassed in the present disclosure as would be understood by those of ordinary skill in

the art.
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CLAIMS
L. A method for generating potable water comprising:

having a supercritical water reactor (SCWR);

providing said SCWR with raw water; said raw water comprising water and at least
one organic contaminant;

placing said raw water in a supercritical state thereby dissolving said. contaminant into
said water;

mixing oxygen with said raw water;

allowing said oxygen to completely oxidize said contaminant;

separating resultant water from other outputs of said oxidation;

capturing said resulting water using said resulting water as potable water.

2. The method of claim 1 wherein said raw water is wastewater.

3. The method of claim 2 wherein said wastewater is from a laundry system.

4. The method of claim 2 wherein said wastewater is from a kitchen system.

5. The method of claim 2 wherein said wastewater is from a shower system.

6. The method of claim 2 ‘wherein said wastewater is from a latrine system.

7. The method of claim 2 wherein said wastewater is from a ships’ bilge.

8. The method of claim 2 wherein said wastewater is from a ships’ fuel tank.

9. The method of claim 1 wherein said raw water is from an environmental fresh water
source.

10.  The method of claim 1 wherein said raw water is from an environmental salt water
source.

11.  The method of claim 1 wherein said raw water is from an environmental brackish
water source.

12. The method of claim 1 wherein said raw water comprises sewage.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

The method of claim 1 wherein in said step of mixing, air is mixed with said raw
water to provide said oxygen.

The method of claim 1 wherein said contaminant comprises a micro organism.
The method of claim 1 wherein said contaminant comprises an organic chemical
compound.

The method of claim | wherein said raw water also includes a salt.

The method of claim 1 wherein said raw water also includes a metal.

The method of claim 1 wherein said raw water also includes an inorganic chemical
compound.

The method of claim 1 wherein said contaminant is suspended in said water.

The method of claim 1 lvvherein said contaminant is dissolved in said water.

A system for purifying water comprising:

raw water comprising water, and at least one contaminant;
an oxidizer;

means for taking said raw water and oxidizer and increasing pressure and temperature to

make said water in said raw water supercritical; said supercriticality and the presence of said

oxidizer forming said contaminant into a different material; and

22

23.

24.

25.

means for separating said water from said different material.

The system of claim 21 wherein said different material is selected from the group
containing water, carbon dioxide, and nitrogén.

The system of claim 21 wherein said oxidizer is oxygen.

The system of claim 23 wherein said oxygen is provided as a part of air.

A system for purifying water comprising:

raw water comprising water and at least one contaminant;
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an oXidizer; and
a supercritical water reactor (SCWR);
wherein in said SCWR, said water in said raw water is placed in a supercritical state and
said contaminant is formed into a different material due to said water being in said

supercritical state and the presence of said oxidizer.
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