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A system and method is disclosed for com-
posting feces and treating. Human feces is col-
lected within a composting retainer and exposed
to sufficient air and water to allow the feces to
compost, thereby forming compost product.
Urine is collected within a urine treatment retain-
er which is at least partially partitioned from the
composting retainer and wherein the urine is
passed through a substrate supporting aerobic
nitrifying bacteria, thereby nitrifying a significant
portion of the ammonium ions in the urine to
form liquid product. The compost product is suit-
able for subsequent use, such as fertilizer of for
use in forming a mixture with soil to form top-
soil.
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SYSTEM AND METHOD FOR COMPOSTING FECES
AND TREATING URINE

Background of the Invention

Disposal of human urine and feces has been
difficult in remote, heavily trafficked areas. For
example, many public restrooms in state and national
parks cannot readily be connected to sewage treatment
facilities and environmental considerations often
effectively prevent use of septic systems. As an
alternative to conventional municipal sewage treatment
and septic systems, composting vessels have been
employed to collect and treat feces and to collect
urine from toilets at public restroom facilities where
conditions are not otherwise suitable for the
installation of waste-treatment facilities.

Collected feces and urine are allowed to remain
in the composting vessel under conditions which allow
them to decompose by a process known as composting.
The compost formed from the feces and urine is then
removed from the composting vessel. However, urine
contains ammonium ions which can significantly inhibit
the composting rate of feces. Often, a relatively
high proportion of urine is collected in the
composting vessel, thereby substantially reducing or
terminating composting of the feces.

One attempt to reduce the concentration of
ammonium ions in feces collected in a composting
vessel includes draining urine and other liquid waste
from feces collected in the composting vessel.
Although liquid is separated from the collected feces,

ammonium ions can accumulate in the composting feces,
thereby decreasing the rate of composting. 1In
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addition, flow of a relatively large volume of liquid
through collected feces can substantially diminish the
rate of composting by reducing the amount of aeration '
in the collected wastes. ' '

In another attempt, urine and feces are collected
separately. However, separation of urine and feces
causes the feces to dry, thereby inhibiting
composting. Also, urine which is isolated from
aeration and bacterial activity generally does not
decompose. Water is ofteh evaporated from the urine
in isolated storage tanks in order to diminish the
amount of storage volume required for urine which is
stored separately. However, concentrated urine
generates a strong disagreeable odor.

A need exists, therefore, for a new system.and
method for treating feces and urine which overcome or
eliminate the aforementioned problemé.

Summary of the Invention
The present invention relates to a new system and

method for composting feces and for treating urine.

A system for composting feces and for treating
urine includes a composting retainer having a inlet
for feces, an outlet for removing compost product from
the composting retainer, means for'directing the
compost product to the outlet and a liquid passage,
whereby liquid can be drained from the composting
retainer through the liquid passage. Suitable means
expose the feces within the composting retainer to
sufficient air and water to allow the feces to
compost, thereby forming a compost product. An urine
treatment retainer is at least partially partitioned
from the composting retainer and includes an inlet for

j.;
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urine, a substrate, aerobic nitrifying bacteria
disposed on the substrate and a liquid product outlet,
whereby urine is treated by the bacteria thereby
forming a liquid product. A liquidvstorage vessel
receives liquid product from the urine treatment
retainer through the liquid-product outlet and
receives liquid drained from the composting retainer
through the liquid passage.

A method for composting feces and for treating
urine includes the steps of collecting feces in a
composting retainer and exposing the feces collected
in the composting retainer to sufficient air and water
to allow the feces to compost, thereby forming compost
product. Urine is collected in a urine treatment
retainer which is at least partially partitioned from
the composting retainer. The urine collected in the
urine treatment retainer is passed through a substrate
supporting aerobic nitrifying bacteria disposed in the
urine treatment retainer, whereby the urine is
treated, thereby forming liquid product.

This invention has many advantages. 1In general,
urea and nitrogen-containing urea derivatives are
treated to form nitrite and nitrate salts. Odor
generated by nitrogen-containing urea derivatives is
thereby substantially reduced. 1In addition, urine is
generally not combined with feces. Thus, the
composting rate of feces is not significantly
inhibited by excessive amounts of nitrogen which can
accumulate in feces when feces and urine are collected
together. Also, the volume of liquid within the
composting feces is substantially reduced, thereby
allowing a greater amount of aeration of the feces.
The rate of composting of the feces can thereby be
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significantly increased. The amount of moisture in
the'feces can also be controlled to increase the rate
of composting of collected feces. Further, the
variability of the amount of moisture in the feces
caused by differing use-patterns of the system can be
significantly diminished because feces and urine are
treated separately. Also, the diminished amount of
ammonium ions present in the composting retainer
allows employment of a wider variety of treatments to
éccelerate composting of the feces, such as
introduction of earthworms. Compost product formed by
the system and method of the invention is suitable for
subsequent use, such as fertilizer or for use in
forming a mixture with soil to form topsoil.

Brief Description of the Drawings
Figure 1 is a section view of one embodiment of a

system of the invention.
Figure 2 is a section view of another embodiment

of a system of the invention. ,
Figure 3 is a section view of still another
embodiment of a system of the invention, including a
building foundation and a building structure disposed

on the building foundation.

Detailed Description of the Invention

The features and other details of the apparatus
and method of the invention will now be more
particularly described with reference to the
accompanying drawings and pointed out in the claims.
The same number present in different figures
represents the same item. It will be understood that

the particular embodiments of the invention are shown

i Al
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by way of illustration and not as limitations of the
invention. The principle features of this invention
can be employed in various embodiments without
departing from the scope of the invention.

In one illustration of the invention, shown in
Figure 1, a treatment system 10 includes treatment
vessel 12. Treatment vessel 12 has a lower portion 14
and an upper portion 16. Lower portion 14 and upper
portion 16 can be fixed together at seam 18 by
suitable means, such as by bonding lower portion 14 to
upper portion 16 at seam 18 with a suitable glue.
Alternatively, lower portion 14 and upper portion 16
can be integral parts of a treatment vessel 12 which
has no seam.

Upper portion 16 defines inlet 20. 1Inlet 20 is a
conduit for conducting feces from feces source 22 to
composting retainer 24 within treatment vessel 12.
Inlet 20 can be fitted to a suitable receiving means,
such as a toilet fixture, not shown.

Composting retainer 24 is defined by lower
portion 14, upper portion 16, retaining wall 28 and by
support 30, which partially defines liquid passage 32.
Means for directing the compost product to outlet 34
include inclined wall 28. Inclined wall 28 is
disposed at an angle to the horizontal sufficient
direct compost product of compost bed 50 toward outlet
34 by gravitational force. Inclined wall 28 is also
disposed at an angle sufficient to allow water
collected with feces in composting retainer 24 to
drain along inclined wall 28 to support 30.
Preferably, inclined wall 28 is disposed at an angle
to the horizontal greater than about 30°. In a
particularly preferred embodiment, inclined wall 28 is
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disposed at an angle to the horizontal in the range of
between about 45° and about 60°. Support 30 is
slightly inclined to cause liquid collected at support
30 to drain through liquid passage 32.

Outlet 34 is also defined by lower portion 14 and
upper portion 16. Outlet 34 is dimensioned and
configured to allow access to composting retainer 24
for removal of compost product therefrom by a suitable
means. Lid 36 is disposed at outlet 34. 1In a closed
position, illustrated in Figure 1, 1id 36 covers

outlet 34 for sealing composting retainer 24.
Preferably, 1id 36 is secured to treatment vessel 12

at upper portion 16 by hinge 38. Lid 36 can be opened
by rotating lid 36 about hinge 38 to thereby enable
accessrto compost product within composting retainer
24, o
Hatch 35 is disposed at support 30. 1In the
closed position, illustrated in Figure 1, hatch 35
prevents compost product from spilling through liquid
passage 32. Hatch 35 is secured in the closed
position to retaining wall 37 by latch 39. By opening
latch 39, hatch 35 can be rotated about hinge 41 from
the closed position to an opened position, not shown,
whereby liquid passage 32 is covered by hatch 35.
CompoSt product can thereby be removed from treatment
vessel 12 through outlet 34 without spilling the
compost product through liquid passage 32. Hinge'41
is perforate to allow liquid to drain from compost bed
50 at support 30 to liquid passage 32. 7
Air inlet 40 is disposed at 1lid 36 for providing

fluid communication of air from the atmosphere through
air inlet 40 into treatment vessel 12. Air conduit 42
provides a path of air flow across composting retainer
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24. Air conduit 40 comprises a deflection shield,
whereby feces directed through inlet 20 is deflected
from the space beneath air conduit 42, thereby forming
air passage 44 as air conduit 42 is immersed in feces
collected within composting retainer 24. Air conduit
42 is supported by retaining wall 26 and retaining
wall 46. Retaining wall 46 is fixed to lower portion
14. Air passage 44 provides fluid communication
between outlet 34 and air passage 48 defined by lower
portion 14, upper portion 16 and retaining wall 26.

It is to be understood, however, that air conduit
42 can have other configurations suitable for
conducting air across and/or through collected feces
disposed in composting retainer 24. For example, air
conduit 42 can be a perforate tube disposed at support
30 and inclined wall 28. 1In another example, a
slotted grate is disposed at inclined wall 28 and
support 30 to thereby form an air passage across
and/or through collected feces in composting retainer
24. Slots in the grate allow air passing through the
air passage to aerate the feces.

Human feces is directed from source 22 through
inlet 20 into composting retainer 24 and collects
within composting retainer 24. Feces which collect
within composting retainer 24 form compost bed 50.
Liquid collected in composting retainer 24 with the
feces drains from compost bed 50 and is conducted
along inclined wall 28 to support 30. Ligquid at
support 30 drains from composting retainer 24 through
ligquid passage 32.

Feces in compost bed 50 is exposed to conditions
sufficient to allow the feces to compost, thereby
treating the feces to form a compost product.
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"Composting," as that term is used herein, means
decomposing of solid organic waste, such as human
feces, to form compost product which is suitable for
subsequent use, such as fertilizer or for use in
forming a mixture with soil to form topsoil. Once
initiated, composting of feces in compost bed 50 is
continuous during exposure of compost bed 50 to
conditions sufficient to maintain composting of the
feces. Composting can be initiated spontaneously or
can be initiated by combination of feces collected
within composting retainer 24 with a suitable filler,
such as wood shavings, to allow sufficient aeration
and drainage of compost bed 50 to cause composting.
It is in the nature of the composting process to
substantially reduce the enteric bacteria content of
the feces, typically by more than about ninety-nine
percent, before removal of compost product from

compost bed 50.
It is to be understood, however, that the

invention can be used to compost, or decompose,
various types of organic waste other than human feces.
Examples of other kinds of organic waste suitable for
composting by the system and method of the invention,
either alone or in combination with collected feces,
include discarded food, etc. '

Compost retainer 24 has a volume sufficient to
retain feces for composting in compost bed 50 for a
period of time of about four years under the
use-conditions of treatment system 10. Inclined wall
28 directs feces toward outlet 34 during composting of
the feces and as additional feces collects on top of

compost bed 50.
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Air vent 52 is defined by upper portion 16 and
provides fluid communication between air passage 48
and blower 54. Activation of blower 54 pulls air from
the atmosphere through air inlet 40 into lower portion
14 and from lower portion 14 through air passages
44,48 to upper portion 16. Air is directed across the
top of compost bed 50 at upper portion 16 and is drawn
from upper portion 16 through vent 52. The air is
then discharged to the atmosphere through blower 54.
Air is thereby directed from air inlet 40 through
composting retainer 24 at a rate sufficient to allow
at least a substantial portion of the feces in
composting retainer 24 to compost. In a preferred
embodiment, the rate of air flow through treatment
system 10 is sufficient to draw air from the
atmosphere into treatment vessel 12 through feces
receiving means at inlet 20. Any odor generated by
the feces collected within treatment vessel 12 can
thereby be substantially prevented from escaping
treatment system 10 except by discharge through blower
54.

The moisture content of compost bed 50 is
maintained in a range which allows the feces to
compost and thereby form compost product. Preferably,
the moisture content in compost bed 50 is maintained
in the range of between about sixty five percent and
about eighty percent by weight. The moisture content
of compost bed 50 can be maintained in a suitable
range by intermittently adding water onto the top of
compost bed 50. The moisture content in compost bed
50 can be determined by means known in the art.

The temperature of compost bed 50 is maintained
in a range suitable for allowing the feces to compost
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and thereby form compost product. Preferably, the
temperature of compost bed 50 is maintained in the
range of between about 18°C and about 40°C. The
temperature of compost bed 50 can bé maintained in a
suitable range, such as by disposing treatment vessel
12 in a subterranean cavity which is perpetually at a
temperature suitable for allowing the feces to
compost. It is to be understood that other means can
be employéd to compost the feces, such as are known in
the art. For example, earthworms can be introduced to
compost bed 50 to establish a colony of earthworms
which feed on the composting feces, thereby increasing
the rate of composting in compost bed 50.

Water container 56 is disposed within treatment
vessel 12. Inclined wall 28 is one'Wall of water
container 56. Fresh water can be contained within
water container 56 for distribution onto compost bed
50. Waterrcan be directed from water source 58
through water conduit 60 and water inlet 62 for
storage in water container 56. Water conduit 64
extends from water container 56 to composting retainer
24. Water can be directed from water container 56
through water conduit 64 by means known in the art.
For example, water container 56 can be pressurized by
directing air into water container 56 from
air-pressure source 66. Alternatively, water can be
pumped from water container 56 to compost bed 50 by a
suitable pump, not shown, which is'disposed at water
conduit 64.

Water 65 is directed from water container 56
through water conduit 64 to compost bed 50 at a rate
sufficient to maintain a moisture content in compost
bed 50 sufficient to allow at least a substantial
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portion of the feces to compost. Preferably, water 65
is directed from water container 56 intermittently as
is required to maintain continuous composting of feces
in compost bed 50. Water 65 from water conduit 64 is
sprayed by a suitable means 67 onto compost bed 50 for
obtaining maximum distribution of moisture across
compost bed 50. For example, water can be directed
through a suitable nozzle disposed at water conduit
64, thereby providing a substantially even
distribution of water across the top of compost bed
50. The moisture content of compost bed 50 can be
monitored and controlled by automatic means, not
shown, such as are known in the art, thereby
automatically maintaining the level of moisture
content within a range suitable for continuously
composting the feces.

Urine treatment retainer 68 includes lower
portion 14, support 30 and a wall of water container
56. Upper portion 16 defines inlet 70. Urine inlet
70 conducts urine from urine source 74 to urine
conduit 72. Urine conduit 72 conducts urine from
inlet 70 to urine treatment retainer 68. A suitable
urine receiver can be fitted to inlet 70 for receiving
urine from urine source 74. An example of a suitable
urine receiver is a urinal, not shown. It is to be
understood that urine suitable for collection in urine
treatment retainer 68 includes, in addition to
undiluted urine as excreted from a human, urine which
has been diluted, for example, with greywater, such as
flush water, and also urine which has been partially
decomposed so that it includes nitrogen-containing

urea derivatives, such as ammonium ions.
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Substrate 76 is disposed within urine treatment
retainer 68. Substrate 76 can be disposed within
substrate container 78 to contain substrate 76 within
urine treatment retainer 68 and to ﬁrevent uneven
distribution, or channeling, of urine through
substrate 76. Suitable substrates can support aerocbic
nitrifying bacteria, whereby at least a significant
portion of ammonium ions in urine passed through
substrate 76 will be nitrified by the aerobic
nitrifying bacteria supported by substrate 76.

Suitable substrate 76 include substrates which
can support aerobic nitrifying bacteria and which are
relatively stable. Also, suitable substrates can
maintain a sufficient moisture content and allow
sufficient aeration to support aerobic nitrifying
bacteria for nitrifying a significant portion of
ammonium ions in the urine collected in urine
treatment retainer 68. Examples of suitable
substrates include loam, wood shavings and other
cellulosic materials, etc. In a preferred embodiment,
substrate 76 comprises peat moss.

' The amount of aerobic nitrifying bacteria
disposed in urine treatment retainer 68 is sufficient
to nitrify a significant portion of ammonium ions in
the collected urine under expected use-conditions of
treatment system 10. Nitrification of the ammonium
ions causes the ammonium ions to form, for example,
nitrites and nitrates. Aerobic nitrifying bacteria
can be introduced to substrate 76 by indigenous
bacterial growth or by artificially introducing
aerobic nitrifying bacteria into substrate 76.
Examples of suitable aercbic nitrifying bacteria
include Nitrobacter, Nitrosomonas, etc.
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Urine from urine source 74 is directed through
inlet 70 to urine treatment retainer retainer 68.
Urine directed into treatment system 10 can be
collected separately from feces by use of a separate
urine receiving means, such as a urinal, or can be
separated from feces by a suitable toilet fixture,
such as are known in the art.

The urine passes through substrate 76 within
urine treatment retainer 68. A significant portion of
the ammonium ions in the urine within substrate 76 are
nitrified to form nitrate and nitrites by the aerobic
nitrifying bacteria supported by substrate 76. The
urine is thereby treated within urine treatment
retainer 68 to form liquid product. The liquid
product drains from substrate 76 and aerobic
nitrifying bacteria composition 68 through
liquid-product outlet 79 defined by support 30 into
liquid storage vessel 80.

It is to be understood that some urine can be
collected in compost bed 50 along with feces. Urine
collected in compost bed 50 and other liquid, such as
greywater, decomposes in compost bed 50 by aerobic
bacterial decomposition including, for example,
composting.

Liquid storage vessel 80 includes lower portion
14 and support 30. Liquid product drains from urine
treatment retainer 68 through liquid-product outlet 79
by gravitational force. Liquid storage vessel 80 also
receives liquid which has drained from the feces in
composting retainer 24. Liquid product from urine
treatment retainer 68 combines with liquid from
composting retainer 24 in liquid storage vessel 80.
The rate of liquid flow through composting retainer 24
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and through urine treatment retainer 68 are
independent of each other in part because liquid
storage vessel 80 does not affect the rate of liquid -
flow through either composting retainer 24 or urine
treatment retainer 68.

The combined liquid product and ligquid drained
from compost bed 50 can be stored in liquid storage
vessel 80 until liquid storage vessel 80 is
substantially full. The liquid in liquid storage
vessel 80 can be discharged through liquid storage
vessel outlet 82 for direct release to a suitable area
of the environment, e.g. onto soil where plants are
growing. Liguid can be discharged from liquid storage
vessel 80 by suitable means, such as by employing a
pump, not shown. The amount of liquid stored in
liquid storage vessel 80 can be regulated manually or
by automated means, such as by using a liquid-level
indicator means and an automaticrliquid-level control
‘means which are known in the art.

Treatment vessel 12, composting retainer 24,
inclined wall 28 and support 30 can be formed of a
suitable material, such as are known in the art. An
example of suitable material is high-density
cross-link polyethylene. Treatment vessel 12 is
formed by a suitable method, such as by rotational
molding. All other ccmponentsrof treatment system 10
can be formed of suitable materials, such as are known
in the art.

In another embodiment of the invention, - ,
illustrated in Figure 2, treatment system 84 includes
treatment vessel 86. Treatment vessel 86 can be a
known composting treatment means, such as are
disclosed in U.S. Patent No. 3,136,608 and U.S. Patent
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No. 4,084,269, the teachings of which are incorporated
herein by referencé. Treatment vessel 86 includes
lower portion 88 and upper portion 90.

Partition 92 is disposed within treatment vessel
86 and includes vertical wall 94, inclined wall 96 and
horizontal support 98. Perforate retaining wall 100
can be fixed to partition 92 at spacers, not shown.
Perforate retaining wall 100 can be fixed to partition
92 at the spacers before insertion of partition 92 and
perforate retaining wall 100 into treatment vessel 86.
Air passage 102 is defined by pértition 92 and
perforate retaining wall 100. Perforations 104,
defined by perforate retaining wall 100, are
sufficiently large to allow air to pass across and/or
through feces supported by perforate retaining wall
100 without allowing feces to pass through the
perforations and block air passage 104. Perforate
retaining wall 100 can include hinged panel 106 for
obtaining access within treatment vessel 86.

Treatment vessel 86 is partitioned by partition
92 to form composting retainer 108 and urine treatment
retainer 110. Compost retainer 108 is defined by
partition 92 and treatment vessel 86. Upper portion
90 of treatment vessel 86 defines inlet 112 for
receiving feces from feces source 114 into composting
retainer 108. Feces collects within composting
retainer 108 to form compost bed 116. Compost bed 116
is supported by retaining wall 100.

Compost bed 116 is conducted through composting
retainer 108 by gravitational force toward outlet 118,
which is defined by lower portion 88 and upper portion
90. Lid 120 is disposed at outlet 118 for shielding
compost bed 116. Lid 120 defines air inlet 122 for
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providing fluid communication between the atmosphere
and air passagerlozé Liquid collected in composting
retainer 108 with the feces can drain from compost bed
116 by passing through perforations'104 at retaining
wall 100 and entering air passage 102. Liquid within
air passage 102 is directed by gravitational force
along inclined wall 96 to horizontal support 100 and
drains from composting retainer 108 through liquid
passage 124. '

7 Compost bed 116 is exposed to sufficient air and
moisture to allow at least a substantial portibn of
the collected feces in compost bed 116 to compost,
thereby forming compost product. Air outlet 126 at
upper portion 90 provides fluid communication between
air passage 102 and blower 128. Activation of blower
128 directs air from the atmosphere through air inlet
122, air passage 102 and across the top of compost bed
116 to air outlet 126. The air is then directed
through air outlet 126 and is discharged through
blower 128 back to the atmosphere. Air is also
directed across and/or through the feces at
perforations 104 in retaining wall 100. Air is-
thereby directed through compost bed 116 at a rate
sufficient to allow the feces in compost bed 116 to
compost.

Solid substrate 130 is disposed in urine
treatment retainer 110 for receiving urine. Urine
inlet 132 is defined by upper portion 90 and provides
fluid communication between urine source 134 and urine
treatment retainer 110. Urine is directed from urine
source 134 through inlet 132 and collects within urine

treatment retainer 110.
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The collected urine passes through substrate 130
by gravitational force, whereby at least a significant
portion of ammonium ions in the urine is nitrified by
nitrifying bacteria supported by substrate 130. The
urine is thereby treated to form liquid product. The
liquid product drains from substrate 130 within urine
treatment retainer 110 and through liquid-product
outlet 135.

Treatment vessel 86 is disposed on cradle 136.
Cradle 136 defines water chamber 138 and liquid
storage chamber 140. Fresh water 142 is disposed
within water chamber 138. Fresh water 142 is directed
from water chamber 138 through water conduit 144 and
nozzle 145 onto the top of compost bed 116 by a
suitable means, such as by activating pump 146
disposed at water conduit 144. Water chamber 138 is

. refilled by directing water through water chamber
inlet 147 into water chamber 138. The moisture
content of compost bed 116 is thereby maintained at an
amount sufficient to allow feces in compost bed 116 to
conpost.

Liquid storage inlet 148, defined by cradle 136
at liquid storage chamber 140, provides fluid
communication between liquid-product outlet 135 of
treatment vessel 86 and liquid storage chamber 140.
Liquid drained from compost bed 116 in urine treatment
retainer 110 passes through liquid passage 120,
liquid-product outlet 135 and liquid storage inlet 148
into liquid storage chamber 140. Treated liquid
product drained from substrate 130 in urine treatment
retainer 110 passes through liquid-product outlet 135
and liquid storage inlet 148 into liquid storage
chamber 140. Liquid from composting retainer 108 and
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urine treatment retainer 110 combine in liquid storage
chamber 140. The combined liquids are stored in

' 1iquid storage chamber 140 and then periodically
discharged from treatment system 84 through liquid
storage outlet 150. '

Treatment vessel 86 and cradle 136 are formed of
a suitable material. An example of a suitable
material is high-density cross-link polyethylene.

In still another embodiment of the invention,
shown in Figure 3, treatment system 152 includes
building foundation 154 and building structure 156
disposed'on bﬁilding foundation 154. '

Building foundation 154 includes foundation floor
158 disposed within a subterranean cavity and '
foundation walls 162 which are disposed substantially
vertically at the perimeter of foundation floor 158
and are fixed to foundation floor 158. Building |
foundation 154 hasrsufficient strength to contain
liquids and solids collected within building
foundation 154 and to support building structure 156
disposed on building foundation 154.

Raised support 164 is disposed substantially
horizontally between foundation walls 162 and is
elevated above foundation floor 158. Raised support
i64 can be*éupported above foundation floor 158 by
foundation walls 162 at lip 166 and by spacer 168
disposed between foundation floor 158 and raised
support 164. Raised support 164 has liguid passages
170 for allowing liquid collected at raised support
164 to pass through liquid passages 170. Liquid
passing through liquid passages 170 collects within
liquid storage vessel 172, which is integral with
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foundation floor 158, foundation walls 162 and raised
support 164.

Interior wall 174 is disposed substantially
vertically between raised support 164 and building
structure floor 176. Building structure floor 176 is
supported by foundation walls 162. Interior wall 174
can be formed of a material, such as concrete, which
has sufficient strength to provide additional support

for building structure floor 176.
Partition 178 includes vertical wall 180 and

inclined wall 182. Partition 178 is disposed on
raised support 164 and is supported between foundation
walls 162, Air passage 184 extends through perforate
support and partition 178 and provides fluid
communication between liquid storage vessel 172 and
air-outlet ports 186.

Compost retainer 188 is integral with partition
178, vertical wall 180, foundation walls 162 and
vertical wall 180. 1Inlet 190 is defined by building
structure floor 176 and conducts feces from feces
receiver 192 to composting retainer 188. Feces is
received through inlet 190 at feces receiver 192 and
collects within composting retainer 188 to form
compost bed 194.

Liquid waste collected with the feces in
composting retainer 188 drains from composting
retainer 188 by gravitational force and collects at
inclined wall 182 and raised support 164. Liquid
waste at inclined wall 182 is conducted by inclined
wall 182 to raised support 164. Liquid waste
collected at raised support 164 drains through liquid
passages 170 and collects within liquid storage vessel

172.
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Compost bed 194 is exposed to conditions
sufficient to allow at least a substantial portion of
the feces in compost bed 194 to combost, thereby
forming compost product. Air vent 196 provides fluid
communication between the interior of building
foundation 154 and blower 198. Activation of blower
198 directs air through‘veht 200 in raised support
into liquid storage vessel 172. The air is then
directed through air passage 184 and air-outlet ports
186 to air vent 196, thereby causing air to pass
across and/or through compost bed 194 at a rate
sufficient to allow the feces in compost bed 194 to
compost. The air directed through and/or across'
compost bed 184 is then directed through air vent 196
to blower 198. Blower 198 discharges the air to the
atmosphere. Blower 198 can be of a sufficient size to
cause air to be directed through feces receiver 192
and inlet 190 into composting retainer 188 to prevent
odor, generated by compost bed 194, from being
discharged into building structure 156.

As the collected feces composts in compost bed
194, it is directed by inclined wall 182 toward outlet
202 at interior wall 174. Sliding door 204 can be
raised to provide access to compost product in compost
bed 194. Compost product can thereby be removed from
composting retainer 188 for further processing or '
release to the environment. ,7

. Urine treatment retainer 206 is integral with
three foundation walls 162, raised support 164 and
partition 178. Inlet 208 conducts urine from a urine
receiver 210, such as a urinal, to urine treatmentr
retainer 206. Urine is received in urine treatment
retainer 210 and is directed from urine receiver 210
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through inlet 208 into urine treatment retainer 206.
Solid support 212 is disposed within urine treatment
retainer 206 for receiving urine from inlet 208.
Urine collects within substrate 212 and passes through
substrate 212 by gravitational force. At least a
significant portion of the ammonium ions in the
collected urine are nitrifed by aerobic nitrifying
bacteria supported by substrate 212, thereby treating
the urine to form liquid product. Liquid product
drains from substrate 212 and collects at raised
support 164. The liquid product then passes through
liquid product outlet 213 at raised support 164 and
collects within liquid-storage vessel 172.

Liquid product and liquid drained from compost
bed 194 are combined in liquid-storage vessel 172.
The liquid in liquid-storage vessel 172 can be
periodically discharged from ligquid-storage vessel 172
by submersible pump 214 disposed in liquid-storage
vessel 172. The liquid is pumped by submersible pump
214 from liquid-storage chamber 172 through
liquid-storage vessel outlet 216 for further
processing or discharge to the environment.

Access chamber 218 is defined by raised support
164, interior wall 174, building structure floor 176
and a building foundation wall 162 which defines
access chamber entryway 220. Access chamber 218
provides access to outlet 202 and sliding door 204 for
removing compost product from compost bed 194.
Bulkhead 222 and stairs 224 provide access to
access~-chamber entryway 220.

Building structure 156 provides shelter for feces
receiver 192 and urine receiver 210. Also, receivers
for greywater, such as sink 226 and shower 228, can be
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disposed within building structure 156. Greywater
from sink 226 and shower 228 are directed through
greywater conduit 230 to greywater filter 232 by

gravitational force. ' _

Filtered greywater is collected from greywate
filter 232 and stored in greywater-storage vessel 234,
which is integral with foundation floor 158,
foundation walls 162, perforate support 164 and spacer
168. Stored greywater 236 is pumped from
greywater-storage vessel 234 by submersible pump 238,
disposed in greywater-storage vessel 234, through
greywater conduit 240. Greywater conduit 240 conducts
greywater from greywater-storage vessel 234 to compost
bed 194. Nozzle 242 at greywater conduit 240
distributes greywater discharged from greywater
conduit 240 substantially evenly over compost bed 194.
Greywater is pumped from greywater-storage vessel 234
to compost bed 194 to maintain a moisture content in
compost bed 194 which is sufficient to allow at least
a substantial portion of the collected feces in
compost bed 194 to compost.

Water is supplied to building structure 156 for
sink 226 and shower 228 from a suitable water source
244, such as a water storage tank or a local '
reservoir.

It is to be understood that a treatment system of
the invention can be constructed without a partition,
whereby feces and urine are collected together in a
single treatment vessel, not shown, integral with
building fqundation walls and raised support. Urine
collected with the feces in the treatment vessel
drains from the feces and through apertures in the
raised support into a liquid-storage vessel integral
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with a building foundation floor, at least two of the
building foundation walls and the raised support.
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CLATMS

‘A system for composting feces and for treating

urine to produce treated products, comprising:

a) a composting retainer including an inlet for
feces, an outlet for removing compost
product from the retéiner, means for
directing the compost to the outlet and a
liquid passage, whereby liquid can be
drained from the composting retainer through

, the liquid passage; -

b) means for exposing feces within the
composting retainer to sufficient air and
water to allow the feces to compost, thereby
formlng'a compost product;

c) a urine treatment retainer at least
partially partitioned from the composting
retainer, including an inlet for urine, a
substrate, aerobic nitrifying bacteria
disposed on the substrate and a liquid
product outlet, whereby urine is treated by
the bacteria thereby forming a liquid
product; and

d) a liquid storage vessel for receiving liquid
product from the urine treatment retainer
through the liquid-product outlet and for
receiving liquid drained from the composting
retainer through the liquid passage.
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2. A system of Claim 1 further including a
fresh-water vessel for containing fresh water and
means for directing fresh water from the
fresh-water vessel to the composting retainer for
moistening the feces collected in the composting
retainer in an amount sufficient to allow the
collected feces to compost, thereby forming a
compost product.

3. A system of Claim 2 wherein the composting
retainer defines a chamber having a major axis
which is oriented substantially vertically.

4. A system of Claim 3 further including means for
directing composting feces within the composting
retainer to the outlet.

5. A system of Claim 4 wherein the means for
directing the compost to the outlet include an
inclined panel disposed at an angle to the
horizontal greater than about 30°.

6. A system of Claim 5 wherein the water vessel is
disposed between the urine treatment retainer and
the composting retainer.

7. A system of Claim 6 wherein the aerobic
nitrifying bacterial vessel, the water vessel and
the composting retainer are comprised of
high-density polyethylene.
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8. A system of Claim 1 wherein the composting
retainer, the urine treatment retainer and the
‘liquid-storage vessel are integral with a
building foundation.

9. A system of Claim 8 further including a building
structure disposed on the building foundation.

10. A system of Claim 9 further including earthworms -
disposed in the composting retainer for
composting the feces within the composting

retainer.

11. A system for composting feces, comprising:

a) a cradle for supporting a treatment vessel;

b) means disposed within the cradle for
moistening feces collected in the treatment
vessel in an amount sufficient to allow the
collected feces to compost, thereby forming
compost product; and '

c) means disposed in the cradle for receiving
and storing liquid drained from the
composting feces.
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12. A system for maintaining separation between
composting feces and urine, comprising:

a) a partition for disposition within a
treatment vessel, whereby separation is
substantially maintained between the
composting feces and urine collected within
the treatment vessel; and

b) means for causing liquid collected with the
composting feces to drain from the
composting feces.

13. A system of Claim 12 wherein the means for
causing liquid collected with the composting
feces to drain from the composting feces includes
an inclined wall of the partition and a support
panel fixed to the inclined wall which defines a
liquid outlet through which drained liquid passes
from the composting retainer.

14. A system of Claim 13 further including means
disposed at the partition for allowing air to be
directed across the feces at a rate sufficient to
allow the feces to compost.

15. A system of Claim 14 further including a
substrate disposed at the partition for
supporting aerobic nitrifying bacteria, whereby
urine collected in the treatment vessel passes
through the substrate, thereby treating the urine
to form liquid product.
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16. A system for composting feces and for treating
urine, comprising:
" a) a cradle for supporting a treatment vessel;

b) means disposed within the cradle for
moistening feces collected in the composting
vessel in an amount sufficient to allow the
collected feces to compost, thereby forming
compost product; '

c) means disposed in the cradle for storing
liquid drained from the moistened feces
collected in the treatment vessel;

d) a partition for disposition within the
composting vessel, whereby separation is
substantially maintained between the
composting feces and urine collected within
the treatment vessel;

e) means for causing liquid to drain from the
moistened feces into the means disposed in
the cradle for storing liquid; and

£) means disposed at the partition for allowing
air to be directed across the collected
feces at a rate sufficient to allow the
feces to compost, thereby formingrcompdst.

product.

17. A system of Claim 16 furtherrincluding a solid
support for supporting aerobic nitrifying '
bacteria, whereby urine collected within the
treatment vessel passes through'the solid
support, thereby treating the urine to form
liquid product. '
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18. A system for composting feces and for treating
urine, comprising:

a) a building foundation including a building
foundation floor and building foundation
walls fixed to the building foundation floor
for supporting a building disposed on the
building foundation:;

b) a raised support disposed substantially
horizontally between the foundation walls
and elevated above the building foundation
floor, a liquid storage vessel being
integral with the building foundation floor,
the raised support and at least two building
foundation walls;

c) a building structure disposed on the
building foundation including a building
structure floor defining an inlet for
conducting feces from a source of feces to a
treatment vessel being integral with at
least two building foundation walls, the
raised support and the building foundation
floor;

4a) means for draining liquid collected with the
feces in the treatment vessel from the feces
and into the liquid storage vessel; and

e) means for exposing the collected feces in
the treatment vessel to sufficient air and
water to allow the feces to compost, thereby
forming a compost product.




WO 92/10444

19.

20.

21.

22.

PCT/US91/09224

-30-

A system of Claim 18 further including a
partition disposed between the building:
foundation walls, whereby a composting retainer
for receiving feces from the inlet is integral
with the partition, the raised support and at
least two of the building foundation walls, and
whereby a urine treatment retainer is integral
with the partition, the raised support and at
least two of the building foundation walls for
receiving urine from a urine .source through the
inlet for treatment of the urine to form a liquid
product which is then directed from the urine
treatment retainer to the liquid storage vessel.

A system of Claim 19 further including a water
source disposed within the building foundation,

- whereby water can be directed from the water

source to the composting retainer for moistening
the feces collected in the composting retainer in
an amount sufficient to allow the feces to
compost, thereby forming compost product.

A system of Claim 20 further including a
substrate disposed within the urine treatment
retainer and aerobic nitrifying bacteria
supported by the substrate, whereby the collected
urine can pass through the substrate, thereby
treating the urine to form liquid product.

A system of Claim 21 wherein the'compoéting
retainer defines a chamber having a major axis
which is oriented substantially vertically.
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23. A system of Claim 22 further comprising a
greywater storage vessel integral with the
building foundation for collecting and storing
greywater generated in the building structure and
in the building foundation.

24. A system of Claim 23 wherein the greywater
collected in the greywater vessel comprises the

water source.

25. A method for composting feces and treating,
comprising the steps of:

a) collecting feces in a composting retainer;

b) exposing the collected feces in the
composting retainer to sufficient air and
water to allow the feces to compost, thereby
forming compost product;

c) collecting urine in a urine treatment
retainer which is at least partially
partitioned from the composting retainer;
and

d) passing the collected urine through a
substrate supporting aerobic nitrifying
bacteria disposed in the urine treatment
retainer, whereby the urine is treated,
thereby forming liquid product.

26. A method of Claim 25 further including the step
of disposing earthworms in the composting
retainer for allowing the feces to form compost

product.
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27. A method of composting feces, comprising the
steps of: '
a) collecting feces in a treatment vessel
- integral with at least two building _
foundation walls and a raised support
disposed substantially horizontally between -
the building foundation walls and elevated
above a building foundation floor, whereby
liquid collected with the feces is drained
from the collected feces in the treatment
vessel into a liquid storage vessel integral
with the building foundation floor, at least
two building foundation walls and the raised
support; and ,
b) exposing the collected feces to a sufficient
amount of air and water to allow the
collected feces to compost, thereby forming

compost product.

28. In a method of composting feces and for
collecting urine by collecting feces and urine in
a treatment vessel and'expOSing the collected
feces to sufficient air and moisture to allow the
feces to compost: ' :

The improvement comprising passing the urine
through a substrate supporting aerobic
nitrifying bacteria and disposed in an urine
treatment retainer which is at least
partially partitioned from a composting
retainer for composting feces collected
~within the composting retainer, whereby the
urine passing through the substrate is
treated, thereby forming liquid product.:
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AMENDED CLAIMS
[received by the International Bureau on 26 May 1992 (26.05.92):
original claims 2-28 deleted; original claim 1 amended; new claims 2-26
added (9 pages)]

1. A system for composting feces and for treating
urine to produce treated products, comprising:
a) a composting retainer including an inlet for
5 receiving feces, an outlet for removing
compost product from the retainer, means for
directing the compost to the outlet and a
liquid passage, whereby liquid can be drained
from the composting retainer through the

10 liquid passage;
b) a fresh-water vessel for containing fresh
water;

c) means for directing fresh water from the
fresh-water vessel to the composting retainer

15 for moistening the feces in an amount
sufficient to allow the collected feces to
compost, thereby forming a compost product;

d) a urine treatment retainer which is
partitioned from the composting retainer,

20 including an inlet for urine, a substrate,
aerobic nitrifying bacteria disposed on the
substrate and a liquid product outlet,
whereby urine directed into the retainer is
treated by the bacteria, thereby forming a

25 liquid product which can be then drained from
urine treatment retainer through the liquid
product outlet; and

e) a liquid storage vessel for receiving liquid
product from the urine treatment retainer

30 through the liquid-product outlet and for
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receiving liquid drained from the composting
retainer through the liquid passage.

A system of Claim 1 wherein the composting
retainer defines a chamber having a major axis
which is oriented substantially vertically.

A system of Claim 2 further includes means for
directing composting feces within the composting
retainer to the outlet.

A system of Claim 3 wherein the means for
directing the compost to the outlet include an
included panel disposed at an angle to the

-horizontal greater than about 30°.

A system of Claim 4 wherein the water vessel is
disposed between the urine treatment retainer and

the composting retainer.

A system of Claim 5 wherein the urine treatment
retainer, the fresh-water vessel and the
composting retainer are comprised of high-density

polyethylene.

A system of Claim 1 wherein the composting
retainer, the urine treatment retainer and the
liqguid-storage vessel are integral with a building

foundation.
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8. A system of Claim 7 further including a building
structure disposed on the building foundation.

9. A system of Claim 8 further including earthworms
disposed in the composting retainer for composting

5 the feces within the composting retainer.

10. A system for composting feces, comprising:
a) a cradle for supporting a treatment vessel:
b) a fresh-water vessel disposed within the
cradle for containing fresh water:;

10 c) means for directing fresh water from fresh-
water vessel to the treatment vessel for
moistening the feces in an amount sufficient
to allow the collected feces to compost,
thereby forming compost product; and

15 d) means disposed in the cradle for receiving
and storing liquid drained from the
composting feces.

11. A system for maintaining separation between
composting feces and urine, comprising:

20 a) a partition for disposition within a
treatment vessel, whereby separation is
substantially maintained between the
composting feces and urine collected within
the treatment vessel; and

25 b) means for causing liquid collected with the
composting feces to drain from the composting

feces.
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A system of Claim 11 wherein the means for causing
liquid collected with the composting feces to
drain from the composting feces includes an 7
inclined wall of the partition and a support panel
fixed to the inclined wall which defines a liquid
outlet through which drained liquid passes from

‘the composting retainer.

A system of Claim 12 further including means
disposed at the partition for allowing air to be
directed across the feces at a rate sufficient to

'~ allow the feces to compost.

A system of Claim 13 further including a substrate
disposed at the partition for supporting aerobic
nitrifying bacteria, whereby urine collected in
the treatment vessel passes through the substrate,
thereby treating the urine to form liquid product.

A system for composting feces and for treating

urine, comprising:

a) a cradle for supporting a treatment vessel;

b) a fresh-water vessel disposed within the
cradle for containing fresh water;

c) means for directing fresh water from the
Ifresh—water vessel to the treatment vessel
for moistening feces collected in the
treatment vessel in an amount sufficient to
allow the collected feces to compost, thereby

forming compost product;

4
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d) means disposed in the cradle for storing
liquid drained from the moistened feces
collected in the treatment vessel;
e) a partition for disposition within the
5 treatment vessel, whereby separation is

substantially maintained between the
composting feces and urine collected within
the treatment vessel;
f) means for causing liquid to drain from the
10 moistened feces into the means disposed in
the cradle for storing liquid; and
g) means disposed at the partition for allowing
air to be directed across the collected feces
at a rate sufficient to allow the feces to
15 compost, thereby forming compost product.

16. A system of Claim 15 further including a solid
support for supporting aerobic nitrifying
bacteria, whereby urine collected within the
treatment vessel passes through the solid support,

20 thereby treating the urine to form liquid product.

17. A system for composting feces and for treating
urine, comprising:
a) a building foundation including a building
foundation floor and building foundation
25 walls fixed to the building foundation floor
for supporting a building disposed on the
building foundation;
b) a raised support disposed substantially
horizontally between the foundation walls and
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elevated above the building foundation floor,
a liquid storage vessel being integral with
the building foundation floor, the raised
- support and at least two building foundation
5 walls;

10

15

20

25

30

18.

c) a building structure disposed on the building
foundation including a building structure
floor defining an inlet for conducting feces
from a source of feces to a treatment vessel
being integral with at least two building
foundation walls, the raised support and the
building foundation floor:; , , ,

d) means for draining liquid collected with the
feces in the treatment vessel from the feces
and into the liquid storage vessel;

e) a fresh-water vessel for containing fresh
water; and , '

f) means for directing fresh water from the
fresh-water vessel to the treatment vessel
for moistening the feces in an amount
sufficient to allow the collected feces to
compost, thereby forming a compost'product.

A system of Claim 17 further including a partition
disposed between the building foundation walls,
whereby a composting retainer for receiving feces
from the inlet is integral with the partition, the
raised support and at least two of the building
foundation walls, and whereby a urine treatment
retainer is integral with the partition, the
raised support and at least two of the building

t
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foundation walls for receiving urine from a urine
source through the inlet for treatment of the
urine to form a liquid product which is then
directed from the urine treatment retainer to the

5 liquid storage vessel.

19. A system of Claim 18 further including a substrate
disposed within the urine treatment retainer and
aerobic nitrifying bacteria supported by the
substrate, whereby the collected urine can pass

10 through the substrate, thereby treating the urine
to form liquid product.

20. A system of Claim 19 wherein the composting
retainer defines a chamber having a major axis
which is oriented substantially vertically.

15 21. A system of Claim 20 further comprising a
greywater storage vessel integral with the
building foundation for collecting and storing
greywater generated in the building structure and
in the building foundation.

20 22. A system of Claim 21 further including means for
directing greywater from the greywater storage
vessel to the composting vessel.

23. A method for composting feces and treating,
comprising the steps of:
25 a) collecting feces in a composting retainer;
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b) exposing the collected feces in the
composting retainer to sufficient air and
water to allow the feces to compost, thereby
forming compost product;
5 c) collecting urine in a urine treatment

10

15

20

25

24.

25.

retainer which is at least partially
partitioned from the composting retainer; and
d) passing the collected urine through a '
substrate supporting aerobic nitrifying
bacteria disposed in the urine treatment
retainer, whereby the urine is treated,

thereby forming liquid product.

A method of Claim 23 further including the step of
disposing earthworms in the composting retainer
for allowing the feces to form compost product.

A method of composting feces, comprising the steps

of: 7

a) collecting feces in a treatment vessel
integral with at least two building
foundation walls and a raised support
disposed substantially horizontally between
the building foundation walls and elevated
above a building foundation floor, whereby
liquid collected with the feces in the
treatment vessel into a liquid storage vessel
integral with the building foundation floor,
at least two building foundation walls and

the raised support; and
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exposing the collected feces to a sufficient
amount of air and fresh water to allow the
collected feces to compost, thereby forming
compost product.

In a method for composting feces and for

collecting urine by collecting feces and urine in

a treatment vessel which has a urine treatment

retainer and a composting retainer and exposing

the collected feces to sufficient air and moisture

to allow feces to compost:

The improvement comprising a substrate
supporting aerobic nitrifying bacteria
disposed in the urine-treatment retainer
which is partitioned from the composting
retainer, urine is passed through the urine-
treatment retainer, whereby when urine is
passed through the substrate, the substrate
forms liquid product and controlling means
which controls the amount of water to be
added to compost to allow composting of feces
at an adequéte rate thereby preventing the
feces from becoming over-dried or over-wet.
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