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ORGANIC LIQUID FERTILIZER AND
PROCESS OF MAKING

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/556,102, which was filed on Jul. 23, 2012
and relates to and claims priority to U.S. Provisional Patent
Application No. 61/572,751, which was filed on Jul. 21,
2011, and U.S. Provisional Patent Application No. 61/572,
749, which was filed on Jul. 21, 2011, the contents and
teachings of which are incorporated herein by reference.
This application is a continuation of International Patent
Application Serial No. PCT/US2012/047890, which was
filed on Jul. 23, 2012 and relates to and claims priority to
U.S. Provisional Patent Application No. 61/572,751, which
was filed on Jul. 21, 2011, and U.S. Provisional Patent
Application No. 61/572,749, which was filed on Jul. 21,
2011, the contents and teachings of which are incorporated
herein by reference. The content and teachings of U.S.
patent application Ser. No. 13/556,102 are also incorporated
herein by reference.

BACKGROUND

Adequate nitrogen in the contents of soil is necessary for
a healthy lawn, plants, and crops. Fertilizers containing
nitrogen are used to enhance the nitrogen levels in the soil
to produce greener, lusher, faster-growing plants, lawns, and
crops. Nitrogen must be available for the plant to use it,
meaning that the nitrogen must be converted to NH,* or
NH;. The Nitrogen may be readily available or organisms in
the soil must covert the Nitrogen into a usable form.

Inorganic fertilizers, while inexpensive and easy to apply,
tend to wash the nutrients out of the soil, requiring reappli-
cation on a regular basis. Additionally, since inorganic
fertilizers are concentrated, they tend to burn plant roots
more than organic materials.

Fertilizers that are derived from an organic source are
preferable for a variety of reasons. They have a lower
burning potential and a lower leach potential; and they
replenish the soil with micro-nutrients, essential amino
acids, and organic matter that were consumed by previous
agricultural and horticultural activity. However, most fertil-
izers derived from an organic source have a nitrogen content
that is less than 3% and the Nitrogen is usually in a slow
release form. The slow release nitrogen in most fertilizer
derived from an organic source must be broken down over
time by microorganisms in the soil in order for that nitrogen
to be converted to a form that is usable by plants and crops.
This element of organic-derived fertilizer pushes many to
purchase synthetic fertilizers that provide a higher level of
nitrogen and a quicker release into the soil and uptake by the
plant.

SUMMARY OF THE INVENTION

The present invention provides for a method of making a
liquid fertilizer. The method for making fertilizer of the
present invention generally includes a) obtaining a liquid
organic waste filtrate; b) adding an acid and ¢) performing
an evaporation process on the liquid organic waste filtrate.
The liquid organic waste filtrate originates from a liquid
organic waste material wherein the suspended solids have
been removed. The method of making the liquid fertilizer
where the method starts from liquid organic waste would
generally include: a) obtaining liquid organic waste; b)
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removing the suspended solids from the liquid organic
waste; ¢) adding an acid; and d) performing an evaporation
process on the liquid organic waste. The liquid organic waste
filtrate is created by obtaining liquid organic waste and
removing the suspended solids. Optionally the method
includes a second addition of an acid to adjust the final pH
of' the liquid fertilizer. The liquid organic waste is preferably
derived from an organic source. This liquid organic waste is
preferably derived from animal manure, specifically, poultry
manure.

The present invention also provides for a fertilizer derived
from an organic source with a higher level of nitrogen than
other fertilizers derived from an organic source. The fertil-
izer of the present invention advantageously contains at least
4% Nitrogen, which is greater than previous organic fertil-
izer compositions. The Nitrogen in the fertilizer of the
present invention is preferably Ammoniacal Nitrogen. This
Ammoniacal Nitrogen is 100% water soluble and is there-
fore quickly released into the soil and readily available for
plants. Further, the fertilizer of the present invention is
derived from an organic source. The fertilizer of the present
invention preferably comprises a fertilizer that contains from
about 4% to 10% nitrogen, more preferably from about 4%
to 6% nitrogen. This is a higher nitrogen content than what
is presently available in fertilizers that are derived from
organic materials.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 is a schematic drawing of one embodiment of the
method of the present invention;

FIG. 2 is a schematic drawing of an additional embodi-
ment of the method of the present invention; and

FIG. 3 is a schematic drawing of an embodiment that
demonstrates the method of obtaining the liquid organic
waste filtrate and the further processing to the ultimate end
product.

DETAILED DESCRIPTION

A method of making a liquid organic fertilizer is provided.
The method generally comprises the following steps: a)
obtaining a liquid organic waste filtrate; b) adding an acid to
the liquid organic waste filtrate; and c) performing an
evaporation process on the liquid organic waste filtrate.

A further embodiment provides a method for making
fertilizer that includes the steps of: a) obtaining liquid
organic waste; b) removing suspended solids from the liquid
organic waste, forming a liquid organic waste filtrate; c¢)
adding an acid; and d) performing an evaporation process on
the liquid organic waste filtrate. In an alternate embodiment,
the method further comprises the step of adding a second
acid. Preferably, this second acid is added after the evapo-
ration process is performed on the liquid organic waste
filtrate.

The liquid organic waste can be any aqueous solution that
contains a dissolved protein, Ammoniacal Nitrogen, and
other soluble nutrients. If the organic waste is in a solid or
semi-solid form, water is preferably added to the solid or
semi-solid material to form a fluid mixture. For example, in
an embodiment where animal manure is utilized, water is
added to form a fluid mixture creating liquid organic waste.
The water preferably creates a fluid mixture of water and
suspended and dissolved solids making up the liquid organic
waste. An effluent discharge from an anaerobic digester is a
preferred liquid organic waste. The suspended and dissolved
solids in the liquid organic waste preferably include, but are
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not limited to: nitrogen, phosphate, potash, secondary nutri-
ents, micro-nutrients and organic matter found in anerobi-
cally digested manure or other agriculturally related organic
waste. The temperature of starting material is preferably
between 90° F. and 140° F., more preferably from about 132°
F. to 136° F. This temperature is preferably achieved using
a heat exchanger. The liquid organic waste for the method of
the present invention is preferably derived from an organic
source. The liquid organic waste is preferably derived from
natural sources the include, but are not limited to, plant and
animal-biproducts, rock powders, seaweed, inoculants, con-
ditioners, dairy product waste, livestock manure, liquid
manure, worm castings, peat, guano, compost, blood meal,
bone meal, fish meal, decomposing crop residue, cheese
whey, dairy product waste, livestock manure, mixed liquor
from food and livestock processing facilities, wastewaters
from a variety of food processing operations, and combina-
tions thereof. However, the list provided herein is not meant
to be limiting, as any natural source that provides nitrogen,
phosphate, and potash will work for purposes of the present
invention.

The liquid organic waste is preferably filtered to remove
suspended solids. The removal of suspended solids from the
liquid organic waste creates the liquid organic waste filtrate.
This liquid organic waste filtrate preferably contains less
than 2,000 parts per million (hereinafter “ppm”) suspended
solids, more preferably, less than 1,500 ppm suspended
solids, and most preferably 1,200 ppm suspended solids or
less. The liquid organic waste filtrate preferably contains
nitrogen, phosphate, potash, secondary nutrients, micro-
nutrients and organic matter. The nitrogen is preferably
Ammoniacal Nitrogen.

The step of removing suspended solids can be performed
by any mechanism capable of filtering particles. The sus-
pended solids are preferably those particles that won’t pass
through a 270 Dalton membrane under 500 psi of pressure.
The removal of suspended solids can preferably be com-
pleted using at least one, at least two, or at least three or
more filtration steps. The removed suspended solids can be
further processed to produce granular fertilizers. These
filtration steps may utilize the same method of filtration or
different methods of filtration. Preferably, in an embodiment
where three filtration steps are performed, the first step
removes large suspended solids (greater than 24 microns),
the second step removes small suspended solids (less than
24 microns), and the third step removes any residual solids.
Preferably, the suspended solids are removed using one or
more filtration mechanisms including, but not limited to,
mechanical screening, microfiltration, ultrafiltration, nano-
filtration, reverse osmosis, membrane separation, and elec-
tro-coagulation. Preferred machinery for removing sus-
pended solids include, but are not limited to, BioPulse
system provided by bioprocess H2O (Portsmith, R.1.); Petro
Membrane Bioreactor (“MBR™) (Siemens Industry, Inc.
USA); PURON MBR (Koch Membrane Systems, Inc.,
Wilmington, Mass.); Pall Aria Integrated MF/NF (microfil-
tration/nanofiltration) and MF/RO (microfiltration/reverse
osmosis) systems (Pall Corporation, Port Washington, N.Y.);
Alfa Laval Filtration (Alfa Laval, Sweden); and NF (nano-
filtration) and RO (reverse osmosis) Membrane Separation
(BKT Co Ltd, Korea). The filtration step(s) result in the
liquid organic waste filtrate.

In a further embodiment, the step of removing suspended
solids further includes a second filtration step. This second
filtration step preferably removes any material of a size that
may disrupt, impeded, or block an irrigation system. Any
filtering process that removes the material of a size that
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might disrupt an irrigation system would work for purposes
of the present invention. Preferred filtering processes
include, but are not limited to, the use of a 500-mesh screen,
membrane filters, continuous agitation through turbulent
flow, or reverse osmosis, with or without a self-cleaning
method of filtration.

In yet a further embodiment, the step of removing sus-
pended solids includes a third filtration step. The third
filtration step can be any filtration method referenced herein,
however, it is preferred that it is reverse osmosis.

An acid is preferably added to the liquid organic waste
filtrate. Preferably, the acid is utilized to adjust the pH of the
liquid organic waste filtrate to a pH of 7 or lower. Preferably,
the pH is adjusted to a pH of between pH 3 to pH 7, more
preferably from about pH 5 to pH 7, and most preferably
about pH 6.5. Additionally, the acid preferably acts to bind
the ammonium molecules so that they are able to release free
ammonia, preferably without producing suspended solids. In
an embodiment where an acid is utilized, the acid can be any
organic or inorganic acid that will adjust the pH of the liquid
organic waste filtrate to a pH 7 or less, more preferably a pH
of 6.5. The type and amount of acid will vary depending on
the given situation, but the amount and type of acid is
enough to lower the pH of the liquid organic waste filtrate
to a pH of 7 or less. The acid is preferably selected from, but
is not limited to, citric acid, lactic acid, L.-malic acid, vinegar
(acetic acid), phosphoric acid, sulfuric acid, hydrochloric
acid, nitric acid, and combinations thereof. Most preferably,
the acid is citric acid. In a most preferred embodiment, the
acid utilized is an organic acid. Any organic acid will work
for purposes of the present invention. Preferred organic
acids include, but are not limited to, lactic acid, acetic acid,
formic acid, citric acid, oxalic acid, and uric acid. Inorganic
acids may also be utilized for purposes of the present
invention. Inorganic acids include, but are not limited to,
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid,
hydrofiuoric acid, hydrobromic acid, perchloric acid, and
combinations thereof. The acid is preferably added in an
amount that is sufficient to change the pH of the liquid
organic waste filtrate to a pH 7 or lower. The amount of acid
added depends on the type of acid used, starting pH of the
liquid organic waste filtrate, the buffering capacity of the
liquid organic waste filtrate, and the Nitrogen content of the
liquid organic waste filtrate. In a preferred embodiment the
acid is added in an amount of from about 0.1 Ib/gallon to 2.0
Ib/gallon, more preferably from about 0.2 lb/gallon to 1.5
Ib/gallon, still more preferably from about 0.4 1b/gallon to
1.0 1b/gallon, and most preferably, the acid is added in an
amount of about 0.6 Ib/gallon.

The liquid organic waste filtrate and acid are preferably
exposed to an evaporation process. The evaporation process
may be any process suitable for removing water from the
composition. In a preferred embodiment, the composition is
in a liquid form following the evaporation step. Preferably,
a vacuum evaporation is utilized. A most preferred vacuum
evaporator is the Turbo CAST® vacuum evaporator (Ther-
moEnergy Inc., Worcester, Mass.). Other possible vacuum
evaporators include, but are not limited to, the vacuum
evaporators made by Veolia Water Solutions and Technolo-
gies (Cary, N.C.), HF Pure Water (Compton, Calif.), Mech-
Chem Associates (Norfolk, Mass.), and Econ Industries
(Starnberg, Germany). The evaporation process requires
heat to remove water from the composition. The temperature
range of the evaporation process is preferably from about
90-110° F., more preferably from about 100-105° F. In an
embodiment that includes a vacuum evaporation process,
the vacuum range is preferably from about 26-28 inches of
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mercury, with the preferred range being from about 27-28
inches of mercury. The time the evaporator is used depends
on the temperature and pressure utilized and can be deter-
mined in line with industry standards. A non-limiting
example includes a Turbo Cast MVR 21000 system (Ther-
moEnergy, Inc., Worcester, Mass.), operating at 100° F. and
28 inches of mercury, will concentrate 155,000 gallons of
solution to 21,000 gallons by removing water at a rate of
46,565 pounds per hour.

Preferably, the evaporation process creates water vapor
that can be captured and transformed into potable water.
Advantageously, during the evaporation step, water vapor is
created. This water vapor is then cooler condensed into
liquid water. The water that results from the method of the
present invention is clean and suitable for drinking.

An alternate embodiment of the present invention is
described in the next several paragraphs. The alternate
embodiment starts with an anerobic digester discharge
(hereinafter “digestate”). This digestate can be any fluid
mixture of water and suspended and/or dissolved solids. The
suspended and dissolved solids in the digestate preferably
include, but are not limited to nitrogen, phosphate, potash,
secondary nutrients, micro-nutrients and organic matter
found in anerobically digested manure or other agricultur-
ally related organic waste. Preferably, the digestate is at a
temperature of between 80° F. and 132° Fahrenheit.

The digestate is preferably then processed by a filtering
mechanism to remove and capture the large suspended
solids, hereinafter called “recovered solids”. These large
suspended solids are preferably greater than 24 microns in
size. The recovered solids preferably have a moisture con-
tent of from about 70% to 90% moisture, more preferably
about 80% moisture. The recovered solids are then prefer-
ably processed in a twin-screw helical heat exchanger to
produce granular fertilizer with a moisture content of 10% or
less, more preferably 5% or less. The heat utilized to process
the recovered solids is preferably from an indirect source,
such as, but not limited to hot oil flowing around the ducts.
Preferably, the rotation of helical ducts severs to cause the
solids to bind together to form fertilizer granules. Amonia-
rich exhaust gas is preferably created by this process that can
be cooled and added to the liquid filtrate and further pro-
cessed. The formation of granular fertilizer is an optional
part of the method of the present invention and is not a
required element. In an alternate embodiment, the recovered
solids are discarded.

In one embodiment, the liquid filtrate remaining after the
suspended solids are removed is pH adjusted with an acid to
produce a pH of approximately 7.0. The acid added can be
any acid capable of adjusting the pH of the liquid filtrate.
Preferably an organic acid is used, more preferably citric
acid is utilized. The liquid filtrate is preferably then filtered
at least one additional time, more preferably at least two
additional times. The first additional filtration step prefer-
ably removes the remaining small suspended solids. The
small suspended solids are preferably less than or equal to 24
microns. This first additional filtration step is preferably
completed using membrane filters, however, any filtration
system capable of removing small suspended solids will
work. Other filtration methods contemplated by the present
invention are discussed herein. The second additional filtra-
tion step preferably removes molecular dissolved solids.
This second additional filtration step is preferably completed
using a nano-filter, however, any filtration system capable of
removing molecular dissolved solids, such as those filtration
methods discussed herein.
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The liquid organic waste filtrate resulting from the above
process is a liquid fertilizer product with unique solids and
nutrient content of exceptional value for soil conditioning,
replacement of exhausted nutrients, and restoration of soil
health. The second filtration step is a semi-continuous pro-
cess that produces reject in quantifiable batch volumes. After
a programmed interval, the valve of the extruder is opened
to release the accumulated reject. This accumulated reject is
isolated and removed to storage. At this point, the next batch
of liquid organic waste is filtered. This cycle repeats indefi-
nitely. Citric acid is preferably added to the resulting liquid
filtrate from the second filtration step to adjust the pH. This
pH adjustment preferably stabilizes the ammonium nitrogen
contained in the permeate and produces entrained carbon
dioxide. The carbon dioxide gas is liberated from the liquid
filtrate and then the acidified liquid filtrate is filtered again
in the third additional filtration step. The concentrated
stream produced by the third filtration step is then concen-
trated by vacuum evaporation. This vacuum evaporation
further concentrates the liquid organic waste filtrate from the
second filtration step and produces the phosphate-free liquid
organic fertilizer of the present invention. The water vapor
produced during this process is preferably condensed and
combined with permeate obtained from the final filtration
step. The resultant solution is clean water of such quality
required to meet the NPDES discharge permit requirements
established by the USEPA Clean Water Act of 1972.

The final products of this alternate embodiment of the
method of the present invention are preferably a liquid
fertilizer and water. The liquid fertilizer preferably has a
high Nitrogen content, where the Nitrogen is Ammoniacal
Nitrogen, which is 100% water soluble and readily available
to the soil. Additionally, the water produced is potable water.

A liquid fertilizer derived from an organic source is also
provided by the present invention. The organic source
preferably includes, but is not limited to, plant and animal-
bi-products, rock powders, seaweed, inoculants, condition-
ers, dairy product waste, livestock manure, liquid manure,
worm castings, peat, guano, compost, blood meal, bone
meal, fish meal, decomposing crop residue, cheese whey,
dairy product waste, livestock manure, mixed liquor from
food and livestock processing facilities, wastewaters from a
variety of food processing operations, and combinations
thereof. However, the list provided herein is not meant to be
limiting, as any natural source that provides nitrogen, phos-
phate, and potash will work for purposes of the present
invention. In a most preferred embodiment, the organic
source is animal manure, most preferably, poultry manure.

The liquid fertilizer of the present invention preferably
contains Ammoniacal Nitrogen derived from an organic
source. The Ammoniacal Nitrogen provided by the fertilizer
of the present invention is derived from anerobically
digested waste. The Ammoniacal Nitrogen in the liquid
fertilizer of the present invention is preferably soluble
Ammoniacal Nitrogen (N—NH4) that is immediately avail-
able to the plant. The Ammoniacal Nitrogen is preferably
present in the liquid organic waste and thus, still present in
the liquid organic waste filtrate. The Ammoniacal Nitrogen
is preferably concentrated by the method of the present
invention and the addition of the acid in the method also
binds the ammonium (NH,) molecules very tightly, thus
restricting their conversion to free ammonia (NH;) and
subsequent loss through volatilization.

This Ammoniacal Nitrogen is preferably present in the
liquid fertilizer in an amount of greater than 4%, more
preferably from about 4% to 10% Nitrogen, more preferably
from about 4% to 6% Nitrogen, and most preferably about
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6% Nitrogen. Water is preferably present in the liquid
fertilizer in an amount of from about 10% to 90%, more
preferably from about 20% to 80%, more preferably from
about 30% to about 60%, and most preferably from about
35% to 45%. Advantageously, the liquid fertilizer contains
dissolved solids. Preferably, the liquid fertilizer contains at
least 40,000 ppm to about 750,000 ppm dissolved solids,
more preferably from about 100,000 ppm to about 700,000
ppm dissolved solids, preferably from about 200,000 ppm to
690,000 ppm dissolved solids, more preferably from about
300,000 ppm to about 680,000 ppm dissolved solids, and
most preferably from about 550,000 ppm-650,000 ppm
dissolved solids. It is generally preferred that the liquid
fertilizer contain at least 40,000 ppm of dissolved solids. A
preferred embodiment contains about 590,000 ppm dis-
solved solids.

In a preferred embodiment, the liquid fertilizer has little
to no suspended solids in the composition. Preferably, the
liquid fertilizer has from O ppm to 20,000 ppm suspended
solids, more preferably less than 15,000 ppm, more prefer-
ably less than 13,000 ppm and most preferably less than
12,000 ppm, more preferably less than 10,000 ppm, still
more preferably less than 5,000 ppm, still more preferably
less than 3,000 ppm, and most preferably about 1,200 ppm.
In a most preferred embodiment the liquid fertilizer has no
suspended solids. The liquid fertilizer of the present inven-
tion may also contain potash. The potash is preferably
soluble potash. The potash is preferably present in an
amount from about 1% to 10%, most preferably about 5%.
Sulfur may also be present in the liquid fertilizer. Sulfur is
preferably present in the liquid fertilizer in an amount less
than 10%, more preferably less than 8%, and most prefer-
ably 4% or less.

The fertilizer of the present invention preferably has a pH
of between pH 3 to pH 7, more preferably from about pH 5
to pH 7, and most preferably about pH 6.5. Additionally, the
fertilizer of the present invention is preferably free of
pathogens. In a preferred embodiment, pathogens die within
24 hours of being introduced into the fertilizer.

Additionally, the fertilizer of the present invention may be
certified by the United States Department of Agriculture
(“USDA”) as “USDA organic.” The USDA has a program
called the National Organic Program (“NOP”) which spe-
cifically describes the synthetic materials that are allowed in
fertilizer (www.ams.usda.gov/nop). Specifically, the list of
acceptable ingredients is provided in the National Organics
Program List in section 205.605. In a preferred embodiment,
the method of the present invention produces a liquid
fertilizer eligible for USDA organic certification. However,
this is not a required element of the present invention. The
method of the present invention producing a fertilizer of the
present invention can be derived from an organic source
without meeting the requirements of being certified USDA
organic.

DEFINITIONS

“Organic” or “Organically derived”, for purposes of the
present invention refer to the natural source of the starting
material for the fertilizer of the present invention. While not
meant to be limiting, a starting material for the fertilizer may
include, but is not limited to plant and animal bi-products,
rock powders, seaweed, inoculants, conditioners, dairy
product waste, livestock manure, liquid manure, worm cast-
ings, peat, guano, compost, blood meal, bone meal, fish
meal, decomposing crop residue, cheese whey, dairy product
waste, livestock manure, mixed liquor from food and live-
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stock processing facilities, wastewaters from a variety of
food processing operations, and combinations thereof. How-
ever, the list provided herein is not meant to be limiting, as
any natural source that provides nitrogen, phosphate, and
potash will work for purposes of the present invention.

“USDA organic” refers to a fertilizer or components that
meet the guidelines as set forth by the USDA requirements
to certify something as “organic.”

“Ammoniacal Nitrogen” for purposes of the present
invention refers to Nitrogen that is provided to the plant in
a water soluble form, where the Ammoniacal Nitrogen
includes ammonium (NH,*) and ammonia (NH;). The
Ammoniacal Nitrogen is readily plant available.

“Liquid organic waste,” for purposes of the present inven-
tion refers to any aqueous solution that contains a dissolved
protein, Ammoniacal Nitrogen, and other soluble nutrients.
If the waste is in a solid or semi-solid form, water is
preferably added to the solid or semi-solid material to form
liquid organic waste, creating a fluid mixture of water and
suspended and dissolved solids. The liquid organic waste
can come from any organically derived source, as detailed in
the definition for “organic” or “organically derived.”

“Liquid organic waste filtrate,” for purposes of the present
invention, is the liquid organic waste, described above,
where the suspended solids have been removed. Preferably,
the suspended solids are removed by a filtration process.

“Suspended solids,” for purposes of the present invention
refer to those particles that won’t pass through a 270 Dalton
membrane under 500 psi of pressure.

“Dissolved solids,” for purposes of the present invention
refer to those particles that are smaller than the suspended
solids, or those particles that will pass through a 270 Dalton
membrane under 500 psi of pressure.

EXAMPLES
Example 1

This example illustrates one embodiment of the method
and fertilizer of the present invention.
Materials and Methods

Poultry manure was obtained and water was added to the
poultry manure to form an aqueous mixture for the liquid
starting material. A nanofiltration and reverse osmosis fil-
tration system were used to remove the suspended solids.
Once the suspended solids were removed, citric acid was
added to the liquid starting material. Next, a vacuum evapo-
rator was utilized at between 100-105° F. at a pressure of
26-28 inches of mercury. After the evaporation process was
complete, an additional amount of citric acid was added to
adjust the pH of the solution to around pH 6.5. The water
vapor from the evaporation process was captured.
Results and Conclusions

The resulting liquid fertilizer contained a soluble and
rapid-acting nitrogen source, where the amount of nitrogen
in the fertilizer was 6%. The potassium content of the
fertilizer was 5% and the fertilizer did not contain any
phosphorus. The potash content was about 5% and the
fertilizer contained 4% sulfur. Suspended solids were pres-
ent in the fertilizer at about 1,200 ppm and the fertilizer
contained about 590,000 suspended solids. The organic
matter present in the fertilizer was about 75% and it was
about 11 pounds per gallon at 68° F. The liquid fertilizer was
also pathogen free.
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Additionally, the water vapor was recovered as potable
water, suitable for drinking.

Example 2

This example illustrates use of the fertilizer for crops.
Materials and Methods

Using the fertilizer resulting from Example 1, crops may
be fertilized. The crops may be fertilized at 10 lbs N/acre
pre-plant or at planting; 25-35 lbs N/acre at thinning; and
10-15 1bs N/acre at pre-harvest.
Results and Conclusions

The total nitrogen in the fertilizer will be 45-60 Ibs
N/acre, where the fertilizer of the present invention has 0.66
Ibs N/gallon, which equals 75-100 gallons/acre.

Example 3

This example illustrates the pathogen-free aspect of the
fertilizer of the present invention.
Materials and Methods

Pathogens may be introduced into the liquid fertilizer of
the present invention.
Results and Conclusions

After 24 hours, none of the pathogens introduced into the
liquid fertilizer will be alive.

Example 4

This example illustrates the removal of suspended solids.
Materials and Methods

The solid separation and nutrient recovery process began
with the effluent discharge from an anaerobic digester,
hereafter referenced as “digestate”. Digestate is a fluid
mixture of water and suspended and dissolved solids includ-
ing, but not limited to: nitrogen, phosphate, potash, second-
ary nutrients, micro-nutrients and organic matter found in
anaerobically digested manure or other agriculturally related
organic waste. The temperature of digestate was between
80° F. and 132° Fahrenheit.

The digestate was processed by a filtration mechanism to
remove and capture large (>24 microns) suspended solids,
hereafter referenced as “recovered solids”. The recovered
solids were separated from the digestate by the filtration
mechanism have a moisture content of approximately 80
percent. These wet solids were then processed in a twin-
screw helical heat exchanger to produce granular fertilizer
with a moisture content of 5% or less. The wet recovered
solids were then introduced into a series of rotating helical
ducts. Hot oil flowing around through the ducts provided
indirect heat. The constant motion and heat applied to the
solids functioned to remove latent moisture from the solids.
Rotation of the helical ducts served to cause the solids to
bind to each other and form granules of solid fertilizer. These
fertilizer granules may be later screened to size as desired.
The evaporated moisture consisted of an ammonia-rich
exhaust gas. This warm gas may be cooled to produce
condensate that can be added to the filtrate from the filtering
mechanism and further processed.

Example 5

This example illustrates the filtration process of the pres-
ent invention.
Materials and Methods

The filtrate from the filtration mechanism was pH
adjusted with citric acid to produce a pH of approximately
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7.0 and then fed through a series of membrane filters
hereafter referenced as “filtration steps”. The first filtration
step (nano-filtration) removed the remaining small (<24
microns) suspended solids that were not initially captured.
The second filtration step (reverse osmosis) removed
molecular dissolved solids that pass through the nano-filter.

The material that passed through each filtration step,
hereafter referenced as “permeate”, was the feed stream to
the subsequent filtration step. The concentrated product
produced at each filtration step, hereafter referenced as
“reject”, was a high-value fertilizer product of unique solids
and nutrient content. After a programmed time interval, a
valve was opened to release the accumulated reject. The
valve was then closed to allow the concentration of addi-
tional feed stream. This cycle repeated several times. The
filtration method utilized continuous agitation through tur-
bulent flow forced the filtrate against the membrane filters of
a cylindrical mechanism. As the mechanism rotated, spe-
cially designed blades created vortices which removed fou-
lants from the membrane surface and dramatically decreased
boundary layer effects. Both reject and permeate were
obtained and processed as previously disclosed.

Citric acid was added to the reject from the second
filtration step (reverse osmosis) to produce approximately
6.0 pH. This pH adjustment stabilized the ammonium nitro-
gen contained in the reject and, in doing so, produced
entrained gaseous carbon dioxide. Entrained gas was liber-
ated from the reject by applying ultrasonic vibration and
mechanical agitation. The acidified, de-gassed reject was
further concentrated by vacuum evaporation.

The vacuum evaporation process was operated under
vacuum of approximately 28 inches mercury and at a
temperature of approximately 100° Fahrenheit. This process
further concentrated the reject solution and produced a
phosphate-free liquid organic fertilizer. Nitrogen and potash
concentrations may be adjusted as required by controlling
the volume of water removed through evaporation. The
water vapor produced by evaporation was condensed and
combined with permeate obtained from the final filtration
step. The resultant solution was then processed by spiral
reverse osmosis which removes any remaining solids and
any pathogens not destroyed in the digestion process.
Results and Conclusions

The final products of the filtrate processing consisted of:
at least two high-value liquid fertilizer products with
uniquely different nutrient contents and agronomic uses,
including a concentrated phosphate-free liquid organic fer-
tilizer, and potable water.

Example 6

This example provides another embodiment of the present
invention.
Materials and Methods

A typical pilot process demonstration included the col-
lection of 300 gallons of digestate from the anaerobic
digestion of poultry waste at 132° Fahrenheit. This stream
had a total nitrogen content of 14 percent (dry weight basis)
including an ammonium concentration of approximately
3,000 ppm. This stream was mechanically screened to
remove large (>24 microns) suspended solids. The under-
flow from the mechanical screen was approximately 294
gallons with an ammonium concentration of approximately
2,800 ppm.

The 294 gallons was then filtered to remove the residual
suspended solids greater in size than will pass through a 270
Dalton membrane under 500 psi pressure. This filtration step
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produced approximately 44 gallons of reject and 250 gallons
of permeate. The ammonium concentration of the permeate
stream was approximately 2,000 ppm.

The 250 gallons of permeate were pH adjusted with citric
acid to 6.5 and then filtered by reverse osmosis. The reverse
osmosis process produced approximately 37 gallons of
reject and 213 gallons of permeate (liquid organic waste
filtrate). Approximately 0.6 pounds of citric acid were added
per gallon of reject produced. The ammonium concentration
of the reject stream was approximately 15,000 ppm.

The 37 gallons of reject from the reverse osmosis process
were then concentrated to approximately 6 gallons of fin-
ished product by the use of vacuum evaporation.

Results and Conclusions

The fertilizer of the present invention was produced. The
ammonium concentration of the finished product was 60,000
ppm or six percent by weight.

All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and methods and in the steps or
in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically
related may be substituted for the agents described herein
while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the spirit, scope and
concept of the invention as defined by the following claims.

The invention claimed is:
1. A method for making a liquid fertilizer comprising the
steps of:
a) obtaining a liquid organic waste filtrate that contains
ammoniacal nitrogen;
b) adding an acid to the liquid organic waste filtrate to
adjust the pH to between 5 and 7; and
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¢) performing an evaporation process on the liquid
organic waste filtrate, to which the acid has been added,
to obtain a liquid fertilizer that contains ammoniacal
nitrogen.

2. The method of claim 1, wherein the method further
comprises the step of adding a second acid to the liquid
organic waste filtrate after performing the evaporation pro-
cess.

3. The method of claim 1, wherein the acid is citric acid.

4. The method of claim 3, wherein the citric acid is added
in an amount of from about 0.1 b s/gallon to 2.0 1b s/gallon.

5. The method of claim 1, wherein the acid is added in an
amount sufficient to change the pH of the liquid organic
waste filtrate to a pH of between 5 and 7.

6. The method of claim 1, wherein the liquid organic
waste filtrate is produced by the steps comprising:

a) obtaining liquid organic waste; and

b) removing suspended solids.

7. The method of claim 6, wherein the step of removing
the suspended solids is performed by a filtration mechanism.

8. The method of claim 6, wherein the liquid organic
waste filtrate contains less than 1,200 ppm suspended solids.

9. The method of claim 6, wherein the removed suspended
solids are particles that will not pass through a 270 Dalton
membrane under 500 psi of pressure.

10. The method of claim 6, wherein the liquid organic
waste comprises poultry manure and water.

11. A method for making a liquid fertilizer comprising the
steps of:

a) obtaining liquid organic waste;

b) removing suspended solids from the liquid organic
waste to form a liquid organic waste filtrate, wherein
the nitrogen contained in the liquid organic waste
filtrate is ammoniacal nitrogen;

¢) adding an acid to the liquid organic waste filtrate to
adjust the pH to between 5 and 7; and

d) performing an evaporation process on the liquid
organic waste filtrate, to which the acid has been added,
to create a liquid fertilizer that contains nitrogen,
wherein the nitrogen is ammoniacal nitrogen.

#* #* #* #* #*
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ORGANIC LIQUID FERTILIZER

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/020,588, filed Jun. 27, 2018, which is a
continuation of U.S. patent application Ser. No. 13/791,442,
filed Mar. 8, 2013, now U.S. Pat. No. 10,023,501, which is
a continuation of U.S. patent application Ser. No. 13/556,
102, filed on Jul. 23, 2012 and relates to and claims priority
to U.S. Provisional Patent Application No. 61/572,751, filed
on Jul. 21, 2011, and U.S. Provisional Patent Application
No. 61/572,749, filed on Jul. 21, 2011, the contents and
teachings of which are incorporated herein by reference.
U.S. patent application Ser. No. 13/791,442, filed Mar. 8§,
2013, now U.S. Pat. No. 10,023,501, is also a continuation
of International Patent Application No. PCT/US2012/
047890, filed on Jul. 23, 2012, and relates to and claims
priority to U.S. Provisional Patent Application No. 61/572,
751, filed on Jul. 21, 2011, and U.S. Provisional Patent
Application No. 61/572,749, filed on Jul. 21, 2011, the
contents and teachings of which are incorporated herein by
reference. The content and teachings of U.S. patent appli-
cation Ser. No. 13/556,102 are also incorporated herein by
reference.

BACKGROUND

Adequate nitrogen in the contents of soil is necessary for
a healthy lawn, plants, and crops. Fertilizers containing
nitrogen are used to enhance the nitrogen levels in the soil
to produce greener, lusher, faster-growing plants, lawns, and
crops. Nitrogen must be available for the plant to use it,
meaning that the nitrogen must be converted to NH,* or
NH;. The Nitrogen may be readily available or organisms in
the soil must covert the Nitrogen into a usable form.

Inorganic fertilizers, while inexpensive and easy to apply,
tend to wash the nutrients out of the soil, requiring reappli-
cation on a regular basis. Additionally, since inorganic
fertilizers are concentrated, they tend to burn plant roots
more than organic materials.

Fertilizers that are derived from an organic source are
preferable for a variety of reasons. They have a lower
burning potential and a lower leach potential; and they
replenish the soil with micro-nutrients, essential amino
acids, and organic matter that were consumed by previous
agricultural and horticultural activity. However, most fertil-
izers derived from an organic source have a nitrogen content
that is less than 3% and the Nitrogen is usually in a slow
release form. The slow release nitrogen in most fertilizer
derived from an organic source must be broken down over
time by microorganisms in the soil in order for that nitrogen
to be converted to a form that is usable by plants and crops.
This element of organic-derived fertilizer pushes many to
purchase synthetic fertilizers that provide a higher level of
nitrogen and a quicker release into the soil and uptake by the
plant.

SUMMARY OF THE INVENTION

The present invention provides for a method of making a
liquid fertilizer. The method for making fertilizer of the
present invention generally includes a) obtaining a liquid
organic waste filtrate; b) adding an acid and ¢) performing
an evaporation process on the liquid organic waste filtrate.
The liquid organic waste filtrate originates from a liquid
organic waste material wherein the suspended solids have
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been removed. The method of making the liquid fertilizer
where the method starts from liquid organic waste would
generally include: a) obtaining liquid organic waste; b)
removing the suspended solids from the liquid organic
waste; ¢) adding an acid; and d) performing an evaporation
process on the liquid organic waste. The liquid organic waste
filtrate is created by obtaining liquid organic waste and
removing the suspended solids. Optionally the method
includes a second addition of an acid to adjust the final pH
of' the liquid fertilizer. The liquid organic waste is preferably
derived from an organic source. This liquid organic waste is
preferably derived from animal manure, specifically, poultry
manure.

The present invention also provides for a fertilizer derived
from an organic source with a higher level of nitrogen than
other fertilizers derived from an organic source. The fertil-
izer of the present invention advantageously contains at least
4% Nitrogen, which is greater than previous organic fertil-
izer compositions. The Nitrogen in the fertilizer of the
present invention is preferably Ammoniacal Nitrogen. This
Ammoniacal Nitrogen is 100% water soluble and is there-
fore quickly released into the soil and readily available for
plants. Further, the fertilizer of the present invention is
derived from an organic source. The fertilizer of the present
invention preferably comprises a fertilizer that contains from
about 4% to 10% nitrogen, more preferably from about 4%
to 6% nitrogen. This is a higher nitrogen content than what
is presently available in fertilizers that are derived from
organic materials.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of one embodiment of the
method of the present invention;

FIG. 2 is a schematic drawing of an additional embodi-
ment of the method of the present invention; and

FIG. 3 is a schematic drawing of an embodiment that
demonstrates the method of obtaining the liquid organic
waste filtrate and the further processing to the ultimate end
product.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A method of making a liquid organic fertilizer is provided.
The method generally comprises the following steps: a)
obtaining a liquid organic waste filtrate; b) adding an acid to
the liquid organic waste filtrate; and c) performing an
evaporation process on the liquid organic waste filtrate.

A further embodiment provides a method for making
fertilizer that includes the steps of: a) obtaining liquid
organic waste; b) removing suspended solids from the liquid
organic waste, forming a liquid organic waste filtrate; c¢)
adding an acid; and d) performing an evaporation process on
the liquid organic waste filtrate. In an alternate embodiment,
the method further comprises the step of adding a second
acid. Preferably, this second acid is added after the evapo-
ration process is performed on the liquid organic waste
filtrate.

The liquid organic waste can be any aqueous solution that
contains a dissolved protein, Ammoniacal Nitrogen, and
other soluble nutrients. If the organic waste is in a solid or
semi-solid form, water is preferably added to the solid or
semi-solid material to form a fluid mixture. For example, in
an embodiment where animal manure is utilized, water is
added to form a fluid mixture creating liquid organic waste.
The water preferably creates a fluid mixture of water and
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suspended and dissolved solids making up the liquid organic
waste. An effluent discharge from an anaerobic digester is a
preferred liquid organic waste. The suspended and dissolved
solids in the liquid organic waste preferably include, but are
not limited to: nitrogen, phosphate, potash, secondary nutri-
ents, micro-nutrients and organic matter found in anerobi-
cally digested manure or other agriculturally related organic
waste. The temperature of starting material is preferably
between 90° F. and 140° F., more preferably from about 132°
F. to 136° F. This temperature is preferably achieved using
a heat exchanger. The liquid organic waste for the method of
the present invention is preferably derived from an organic
source. The liquid organic waste is preferably derived from
natural sources that include, but are not limited to, plant and
animal-biproducts, rock powders, seaweed, inoculants, con-
ditioners, dairy product waste, livestock manure, liquid
manure, worm castings, peat, guano, compost, blood meal,
bone meal, fish meal, decomposing crop residue, cheese
whey, dairy product waste, livestock manure, mixed liquor
from food and livestock processing facilities, wastewaters
from a variety of food processing operations, and combina-
tions thereof. However, the list provided herein is not meant
to be limiting, as any natural source that provides nitrogen,
phosphate, and potash will work for purposes of the present
invention.

The liquid organic waste is preferably filtered to remove
suspended solids. The removal of suspended solids from the
liquid organic waste creates the liquid organic waste filtrate.
This liquid organic waste filtrate preferably contains less
than 2,000 parts per million (hereinafter “ppm”) suspended
solids, more preferably, less than 1,500 ppm suspended
solids, and most preferably 1,200 ppm suspended solids or
less. The liquid organic waste filtrate preferably contains
nitrogen, phosphate, potash, secondary nutrients, micro-
nutrients and organic matter. The nitrogen is preferably
Ammoniacal Nitrogen.

The step of removing suspended solids can be performed
by any mechanism capable of filtering particles. The sus-
pended solids are preferably those particles that won’t pass
through a 270 Dalton membrane under 500 psi of pressure.
The removal of suspended solids can preferably be com-
pleted using at least one, at least two, or at least three or
more filtration steps. The removed suspended solids can be
further processed to produce granular fertilizers. These
filtration steps may utilize the same method of filtration or
different methods of filtration. Preferably, in an embodiment
where three filtration steps are performed, the first step
removes large suspended solids (greater than 24 microns),
the second step removes small suspended solids (less than
24 microns), and the third step removes any residual solids.
Preferably, the suspended solids are removed using one or
more filtration mechanisms including, but not limited to,
mechanical screening, microfiltration, ultrafiltration, nano-
filtration, reverse osmosis, membrane separation, and elec-
tro-coagulation. Preferred machinery for removing sus-
pended solids include, but are not limited to, BioPulse
system provided by bioprocess H2O (Portsmith, R.1.); Petro
Membrane Bioreactor (“MBR™) (Siemens Industry, Inc.
USA); PURON MBR (Koch Membrane Systems, Inc.,
Wilmington, Mass.); Pall Aria Integrated MF/NF (microfil-
tration/nanofiltration) and MF/RO (microfiltration/reverse
osmosis) systems (Pall Corporation, Port Washington, N.Y.);
Alfa Laval Filtration (Alfa Laval, Sweden); and NF (nano-
filtration) and RO (reverse osmosis) Membrane Separation
(BKT Co Ltd, Korea). The filtration step(s) result in the
liquid organic waste filtrate.
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In a further embodiment, the step of removing suspended
solids further includes a second filtration step. This second
filtration step preferably removes any material of a size that
may disrupt, impeded, or block an irrigation system. Any
filtering process that removes the material of a size that
might disrupt an irrigation system would work for purposes
of the present invention. Preferred filtering processes
include, but are not limited to, the use of a 500-mesh screen,
membrane filters, continuous agitation through turbulent
flow, or reverse osmosis, with or without a self-cleaning
method of filtration.

In yet a further embodiment, the step of removing sus-
pended solids includes a third filtration step. The third
filtration step can be any filtration method referenced herein,
however, it is preferred that it is reverse osmosis.

An acid is preferably added to the liquid organic waste
filtrate. Preferably, the acid is utilized to adjust the pH of the
liquid organic waste filtrate to a pH of 7 or lower. Preferably,
the pH is adjusted to a pH of between pH 3 to pH 7, more
preferably from about pH 5 to pH 7, and most preferably
about pH 6.5. Additionally, the acid preferably acts to bind
the ammonium molecules so that they are able to release free
ammonia, preferably without producing suspended solids. In
an embodiment where an acid is utilized, the acid can be any
organic or inorganic acid that will adjust the pH of the liquid
organic waste filtrate to a pH 7 or less, more preferably a pH
of 6.5. The type and amount of acid will vary depending on
the given situation, but the amount and type of acid is
enough to lower the pH of the liquid organic waste filtrate
to a pH of 7 or less. The acid is preferably selected from, but
is not limited to, citric acid, lactic acid, L.-malic acid, vinegar
(acetic acid), phosphoric acid, sulfuric acid, hydrochloric
acid, nitric acid, and combinations thereof. Most preferably,
the acid is citric acid. In a most preferred embodiment, the
acid utilized is an organic acid. Any organic acid will work
for purposes of the present invention. Preferred organic
acids include, but are not limited to, lactic acid, acetic acid,
formic acid, citric acid, oxalic acid, and uric acid. Inorganic
acids may also be utilized for purposes of the present
invention. Inorganic acids include, but are not limited to,
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid,
hydrofiuoric acid, hydrobromic acid, perchloric acid, and
combinations thereof. The acid is preferably added in an
amount that is sufficient to change the pH of the liquid
organic waste filtrate to a pH 7 or lower. The amount of acid
added depends on the type of acid used, starting pH of the
liquid organic waste filtrate, the buffering capacity of the
liquid organic waste filtrate, and the Nitrogen content of the
liquid organic waste filtrate. In a preferred embodiment the
acid is added in an amount of from about 0.1 Ib/gallon to 2.0
Ib/gallon, more preferably from about 0.2 lb/gallon to 1.5
Ib/gallon, still more preferably from about 0.4 1b/gallon to
1.0 1b/gallon, and most preferably, the acid is added in an
amount of about 0.6 Ib/gallon.

The liquid organic waste filtrate and acid are preferably
exposed to an evaporation process. The evaporation process
may be any process suitable for removing water from the
composition. In a preferred embodiment, the composition is
in a liquid form following the evaporation step. Preferably,
a vacuum evaporation is utilized. Other possible vacuum
evaporators include, but are not limited to, the vacuum
evaporators made by Veolia Water Solutions and Technolo-
gies (Cary, N.C.), HF Pure Water (Compton, Calif.), Mech-
Chem Associates (Norfolk, Mass.), and Econ Industries
(Starnberg, Germany). The evaporation process requires
heat to remove water from the composition. The temperature
range of the evaporation process is preferably from about
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90-110° F., more preferably from about 100-105° F. In an
embodiment that includes a vacuum evaporation process,
the vacuum range is preferably from about 26-28 inches of
mercury, with the preferred range being from about 27-28
inches of mercury. The time the evaporator is used depends
on the temperature and pressure utilized and can be deter-
mined in line with industry standards.

Preferably, the evaporation process creates water vapor
that can be captured and transformed into potable water.
Advantageously, during the evaporation step, water vapor is
created. This water vapor is then cooler condensed into
liquid water. The water that results from the method of the
present invention is clean and suitable for drinking.

An alternate embodiment of the present invention is
described in the next several paragraphs. The alternate
embodiment starts with an anerobic digester discharge
(hereinafter “digestate”). This digestate can be any fluid
mixture of water and suspended and/or dissolved solids. The
suspended and dissolved solids in the digestate preferably
include, but are not limited to nitrogen, phosphate, potash,
secondary nutrients, micro-nutrients and organic matter
found in anerobically digested manure or other agricultur-
ally related organic waste. Preferably, the digestate is at a
temperature of between 80° F. and 132° Fahrenheit.

The digestate is preferably then processed by a filtering
mechanism to remove and capture the large suspended
solids, hereinafter called “recovered solids”. These large
suspended solids are preferably greater than 24 microns in
size. The recovered solids preferably have a moisture con-
tent of from about 70% to 90% moisture, more preferably
about 80% moisture. The recovered solids are then prefer-
ably processed in a twin-screw helical heat exchanger to
produce granular fertilizer with a moisture content of 10% or
less, more preferably 5% or less. The heat utilized to process
the recovered solids is preferably from an indirect source,
such as, but not limited to hot oil flowing around the ducts.
Preferably, the rotation of helical ducts severs to cause the
solids to bind together to form fertilizer granules. Ammonia-
rich exhaust gas is preferably created by this process that can
be cooled and added to the liquid filtrate and further pro-
cessed. The formation of granular fertilizer is an optional
part of the method of the present invention and is not a
required element. In an alternate embodiment, the recovered
solids are discarded.

In one embodiment, the liquid filtrate remaining after the
suspended solids are removed is pH adjusted with an acid to
produce a pH of approximately 7.0. The acid added can be
any acid capable of adjusting the pH of the liquid filtrate.
Preferably an organic acid is used, more preferably citric
acid is utilized. The liquid filtrate is preferably then filtered
at least one additional time, more preferably at least two
additional times. The first additional filtration step prefer-
ably removes the remaining small suspended solids. The
small suspended solids are preferably less than or equal to 24
microns. This first additional filtration step is preferably
completed using membrane filters, however, any filtration
system capable of removing small suspended solids will
work. Other filtration methods contemplated by the present
invention are discussed herein. The second additional filtra-
tion step preferably removes molecular dissolved solids.
This second additional filtration step is preferably completed
using a nano-filter, however, any filtration system capable of
removing molecular dissolved solids, such as those filtration
methods discussed herein.

The liquid organic waste filtrate resulting from the above
process is a liquid fertilizer product with unique solids and
nutrient content of exceptional value for soil conditioning,
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replacement of exhausted nutrients, and restoration of soil
health. The second filtration step is a semi-continuous pro-
cess that produces reject in quantifiable batch volumes. After
a programmed interval, the valve of the extruder is opened
to release the accumulated reject. This accumulated reject is
isolated and removed to storage. At this point, the next batch
of liquid organic waste is filtered. This cycle repeats indefi-
nitely. Citric acid is preferably added to the resulting liquid
filtrate from the second filtration step to adjust the pH. This
pH adjustment preferably stabilizes the ammonium nitrogen
contained in the permeate and produces entrained carbon
dioxide. The carbon dioxide gas is liberated from the liquid
filtrate and then the acidified liquid filtrate is filtered again
in the third additional filtration step. The concentrated
stream produced by the third filtration step is then concen-
trated by vacuum evaporation. This vacuum evaporation
further concentrates the liquid organic waste filtrate from the
second filtration step and produces the phosphate-free liquid
organic fertilizer of the present invention. The water vapor
produced during this process is preferably condensed and
combined with permeate obtained from the final filtration
step. The resultant solution is clean water of such quality
required to meet the NPDES discharge permit requirements
established by the USEPA Clean Water Act of 1972.

The final products of this alternate embodiment of the
method of the present invention are preferably a liquid
fertilizer and water. The liquid fertilizer preferably has a
high Nitrogen content, where the Nitrogen is Ammoniacal
Nitrogen, which is 100% water soluble and readily available
to the soil. Additionally, the water produced is potable water.

A liquid fertilizer derived from an organic source is also
provided by the present invention. The organic source
preferably includes, but is not limited to, plant and animal-
bi-products, rock powders, seaweed, inoculants, condition-
ers, dairy product waste, livestock manure, liquid manure,
worm castings, peat, guano, compost, blood meal, bone
meal, fish meal, decomposing crop residue, cheese whey,
dairy product waste, livestock manure, mixed liquor from
food and livestock processing facilities, wastewaters from a
variety of food processing operations, and combinations
thereof. However, the list provided herein is not meant to be
limiting, as any natural source that provides nitrogen, phos-
phate, and potash will work for purposes of the present
invention. In a most preferred embodiment, the organic
source is animal manure, most preferably, poultry manure.

The liquid fertilizer of the present invention preferably
contains Ammoniacal Nitrogen derived from an organic
source. The Ammoniacal Nitrogen provided by the fertilizer
of the present invention is derived from anerobically
digested waste. The Ammoniacal Nitrogen in the liquid
fertilizer of the present invention is preferably soluble
Ammoniacal Nitrogen (N—NH4) that is immediately avail-
able to the plant. The Ammoniacal Nitrogen is preferably
present in the liquid organic waste and thus, still present in
the liquid organic waste filtrate. The Ammoniacal Nitrogen
is preferably concentrated by the method of the present
invention and the addition of the acid in the method also
binds the ammonium (NH,) molecules very tightly, thus
restricting their conversion to free ammonia (NH;) and
subsequent loss through volatilization.

This Ammoniacal Nitrogen is preferably present in the
liquid fertilizer in an amount of greater than 4%, more
preferably from about 4% to 10% Nitrogen, more preferably
from about 4% to 6% Nitrogen, and most preferably about
6% Nitrogen. Water is preferably present in the liquid
fertilizer in an amount of from about 10% to 90%, more
preferably from about 20% to 80%, more preferably from
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about 30% to about 60%, and most preferably from about
35% to 45%. Advantageously, the liquid fertilizer contains
dissolved solids. Preferably, the liquid fertilizer contains at
least 40,000 ppm to about 750,000 ppm dissolved solids,
more preferably from about 100,000 ppm to about 700,000
ppm dissolved solids, preferably from about 200,000 ppm to
690,000 ppm dissolved solids, more preferably from about
300,000 ppm to about 680,000 ppm dissolved solids, and
most preferably from about 550,000 ppm-650,000 ppm
dissolved solids. It is generally preferred that the liquid
fertilizer contains at least 40,000 ppm of dissolved solids. A
preferred embodiment contains about 590,000 ppm dis-
solved solids.

In a preferred embodiment, the liquid fertilizer has little
to no suspended solids in the composition. Preferably, the
liquid fertilizer has from O ppm to 20,000 ppm suspended
solids, more preferably less than 15,000 ppm, more prefer-
ably less than 13,000 ppm and most preferably less than
12,000 ppm, more preferably less than 10,000 ppm, still
more preferably less than 5,000 ppm, still more preferably
less than 3,000 ppm, and most preferably about 1,200 ppm.
In a most preferred embodiment the liquid fertilizer has no
suspended solids. The liquid fertilizer of the present inven-
tion may also contain potash. The potash is preferably
soluble potash. The potash is preferably present in an
amount from about 1% to 10%, most preferably about 5%.
Sulfur may also be present in the liquid fertilizer. Sulfur is
preferably present in the liquid fertilizer in an amount less
than 10%, more preferably less than 8%, and most prefer-
ably 4% or less.

The fertilizer of the present invention preferably has a pH
of between pH 3 to pH 7, more preferably from about pH 5
to pH 7, and most preferably about pH 6.5. Additionally, the
fertilizer of the present invention is preferably free of
pathogens. In a preferred embodiment, pathogens die within
24 hours of being introduced into the fertilizer.

Additionally, the fertilizer of the present invention may be
certified by the United States Department of Agriculture
(“USDA”) as “USDA organic.” The USDA has a program
called the National Organic Program (“NOP”) which spe-
cifically describes the synthetic materials that are allowed in
fertilizer (www.ams.usda.gov/nop). Specifically, the list of
acceptable ingredients is provided in the National Organics
Program List in section 205.605. In a preferred embodiment,
the method of the present invention produces a liquid
fertilizer eligible for USDA organic certification. However,
this is not a required element of the present invention. The
method of the present invention producing a fertilizer of the
present invention can be derived from an organic source
without meeting the requirements of being certified USDA
organic.

Definitions

“Organic” or “Organically derived”, for purposes of the
present invention refer to the natural source of the starting
material for the fertilizer of the present invention. While not
meant to be limiting, a starting material for the fertilizer may
include, but is not limited to plant and animal bi-products,
rock powders, seaweed, inoculants, conditioners, dairy
product waste, livestock manure, liquid manure, worm cast-
ings, peat, guano, compost, blood meal, bone meal, fish
meal, decomposing crop residue, cheese whey, dairy product
waste, livestock manure, mixed liquor from food and live-
stock processing facilities, wastewaters from a variety of
food processing operations, and combinations thereof. How-
ever, the list provided herein is not meant to be limiting, as
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any natural source that provides nitrogen, phosphate, and
potash will work for purposes of the present invention.

“USDA organic” refers to a fertilizer or components that
meet the guidelines as set forth by the USDA requirements
to certify something as “organic.”

“Ammoniacal Nitrogen” for purposes of the present
invention refers to Nitrogen that is provided to the plant in
a water soluble form, where the Ammoniacal Nitrogen
includes ammonium (NH,*) and ammonia (NH,). The
Ammoniacal Nitrogen is readily plant available.

“Liquid organic waste,” for purposes of the present inven-
tion refers to any aqueous solution that contains a dissolved
protein, Ammoniacal Nitrogen, and other soluble nutrients.
If the waste is in a solid or semi-solid form, water is
preferably added to the solid or semi-solid material to form
liquid organic waste, creating a fluid mixture of water and
suspended and dissolved solids. The liquid organic waste
can come from any organically derived source, as detailed in
the definition for “organic” or “organically derived.”

“Liquid organic waste filtrate,” for purposes of the present
invention, is the liquid organic waste, described above,
where the suspended solids have been removed. Preferably,
the suspended solids are removed by a filtration process.

“Suspended solids,” for purposes of the present invention
refer to those particles that won’t pass through a 270 Dalton
membrane under 500 psi of pressure.

“Dissolved solids,” for purposes of the present invention
refer to those particles that are smaller than the suspended
solids, or those particles that will pass through a 270 Dalton
membrane under 500 psi of pressure.

EXAMPLES

Example 1

This example illustrates one embodiment of the method
and fertilizer of the present invention.

Materials and Methods

Poultry manure was obtained and water was added to the
poultry manure to form an aqueous mixture for the liquid
starting material. A nanofiltration and reverse osmosis fil-
tration system were used to remove the suspended solids.
Once the suspended solids were removed, citric acid was
added to the liquid starting material. Next, a vacuum evapo-
rator was utilized at between 100-105° F. at a pressure of
26-28 inches of mercury. After the evaporation process was
complete, an additional amount of citric acid was added to
adjust the pH of the solution to around pH 6.5. The water
vapor from the evaporation process was captured.

Results and Conclusions

The resulting liquid fertilizer contained a soluble and
rapid-acting nitrogen source, where the amount of nitrogen
in the fertilizer was 6%. The potassium content of the
fertilizer was 5% and the fertilizer did not contain any
phosphorus. The potash content was about 5% and the
fertilizer contained 4% sulfur. Suspended solids were pres-
ent in the fertilizer at about 1,200 ppm and the fertilizer
contained about 590,000 suspended solids. The organic
matter present in the fertilizer was about 75% and it was
about 11 pounds per gallon at 68° F. The liquid fertilizer was
also pathogen free.

Additionally, the water vapor was recovered as potable
water, suitable for drinking.
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Example 2

This example illustrates use of the fertilizer for crops.
Materials and Methods

Using the fertilizer resulting from Example 1, crops may
be fertilized. The crops may be fertilized at 10 lbs N/acre
pre-plant or at planting; 25-35 lbs N/acre at thinning; and
10-15 1bs N/acre at pre-harvest.
Results and Conclusions

The total nitrogen in the fertilizer will be 45-60 Ibs
N/acre, where the fertilizer of the present invention has 0.66
Ibs N/gallon, which equals 75-100 gallons/acre.

Example 3

This example illustrates the pathogen-free aspect of the
fertilizer of the present invention.
Materials and Methods

Pathogens may be introduced into the liquid fertilizer of
the present invention.
Results and Conclusions

After 24 hours, none of the pathogens introduced into the
liquid fertilizer will be alive.

Example 4

This example illustrates the removal of suspended solids.
Materials and Methods

The solid separation and nutrient recovery process began
with the effluent discharge from an anaerobic digester,
hereafter referenced as “digestate”. Digestate is a fluid
mixture of water and suspended and dissolved solids includ-
ing, but not limited to: nitrogen, phosphate, potash, second-
ary nutrients, micro-nutrients and organic matter found in
anaerobically digested manure or other agriculturally related
organic waste. The temperature of digestate was between
80° F. and 132° Fahrenheit.

The digestate was processed by a filtration mechanism to
remove and capture large (>24 microns) suspended solids,
hereafter referenced as “recovered solids”. The recovered
solids were separated from the digestate by the filtration
mechanism have a moisture content of approximately 80
percent. These wet solids were then processed in a twin-
screw helical heat exchanger to produce granular fertilizer
with a moisture content of 5% or less. The wet recovered
solids were then introduced into a series of rotating helical
ducts. Hot oil flowing around through the ducts provided
indirect heat. The constant motion and heat applied to the
solids functioned to remove latent moisture from the solids.
Rotation of the helical ducts served to cause the solids to
bind to each other and form granules of solid fertilizer. These
fertilizer granules may be later screened to size as desired.
The evaporated moisture consisted of an ammonia-rich
exhaust gas. This warm gas may be cooled to produce
condensate that can be added to the filtrate from the filtering
mechanism and further processed.

Example 5

This example illustrates the filtration process of the pres-
ent invention.
Materials and Methods

The filtrate from the filtration mechanism was pH
adjusted with citric acid to produce a pH of approximately
7.0 and then fed through a series of membrane filters
hereafter referenced as “filtration steps”. The first filtration
step (nano-filtration) removed the remaining small (<24
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microns) suspended solids that were not initially captured.
The second filtration step (reverse osmosis) removed
molecular dissolved solids that pass through the nano-filter.

The material that passed through each filtration step,
hereafter referenced as “permeate”, was the feed stream to
the subsequent filtration step. The concentrated product
produced at each filtration step, hereafter referenced as
“reject”, was a high-value fertilizer product of unique solids
and nutrient content. After a programmed time interval, a
valve was opened to release the accumulated reject. The
valve was then closed to allow the concentration of addi-
tional feed stream. This cycle repeated several times. The
filtration method utilized continuous agitation through tur-
bulent flow forced the filtrate against the membrane filters of
a cylindrical mechanism. As the mechanism rotated, spe-
cially designed blades created vortices which removed fou-
lants from the membrane surface and dramatically decreased
boundary layer effects. Both reject and permeate were
obtained and processed as previously disclosed.

Citric acid was added to the reject from the second
filtration step (reverse osmosis) to produce approximately
6.0 pH. This pH adjustment stabilized the ammonium nitro-
gen contained in the reject and, in doing so, produced
entrained gaseous carbon dioxide. Entrained gas was liber-
ated from the reject by applying ultrasonic vibration and
mechanical agitation. The acidified, de-gassed reject was
further concentrated by vacuum evaporation.

The vacuum evaporation process was operated under
vacuum of approximately 28 inches mercury and at a
temperature of approximately 100° Fahrenheit. This process
further concentrated the reject solution and produced a
phosphate-free liquid organic fertilizer. Nitrogen and potash
concentrations may be adjusted as required by controlling
the volume of water removed through evaporation. The
water vapor produced by evaporation was condensed and
combined with permeate obtained from the final filtration
step. The resultant solution was then processed by spiral
reverse osmosis which removes any remaining solids and
any pathogens not destroyed in the digestion process.
Results and Conclusions

The final products of the filtrate processing consisted of:
at least two high-value liquid fertilizer products with
uniquely different nutrient contents and agronomic uses,
including a concentrated phosphate-free liquid organic fer-
tilizer, and potable water.

Example 6

This example provides another embodiment of the present
invention.

Materials and Methods

A typical pilot process demonstration included the col-
lection of 300 gallons of digestate from the anaerobic
digestion of poultry waste at 132° Fahrenheit. This stream
had a total nitrogen content of 14 percent (dry weight basis)
including an ammonium concentration of approximately
3,000 ppm. This stream was mechanically screened to
remove large (>24 microns) suspended solids. The under-
flow from the mechanical screen was approximately 294
gallons with an ammonium concentration of approximately
2,800 ppm.

The 294 gallons was then filtered to remove the residual
suspended solids greater in size than will pass through a 270
Dalton membrane under 500 psi pressure. This filtration step
produced approximately 44 gallons of reject and 250 gallons
of permeate. The ammonium concentration of the permeate
stream was approximately 2,000 ppm.
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The 250 gallons of permeate were pH adjusted with citric
acid to 6.5 and then filtered by reverse osmosis. The reverse
osmosis process produced approximately 37 gallons of
reject and 213 gallons of permeate (liquid organic waste
filtrate). Approximately 0.6 pounds of citric acid were added
per gallon of reject produced. The ammonium concentration
of the reject stream was approximately 15,000 ppm.

The 37 gallons of reject from the reverse osmosis process
were then concentrated to approximately 6 gallons of fin-
ished product by the use of vacuum evaporation.

Results and Conclusions

The fertilizer of the present invention was produced. The
ammonium concentration of the finished product was 60,000
ppm or six percent by weight.

All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and methods and in the steps or
in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically
related may be substituted for the agents described herein
while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the spirit, scope and
concept of the invention as defined by the following claims.

We claim:

1. An aqueous liquid fertilizer having a pH of between 5
and 7 and comprising at least 4% dissolved ammoniacal
nitrogen derived from a plant or animal-sourced waste
filtrate.

2. The aqueous liquid fertilizer of claim 1, wherein the
liquid fertilizer comprises 4-10% nitrogen.

3. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer comprises residues of one or more acids selected
from the group consisting of citric acid, lactic acid, L.-malic
acid, acetic acid, formic acid, oxalic acid, uric acid, phos-
phoric acid, sulfuric acid, hydrochloric acid, nitric acid,
hydrofluoric acid, and perchloric acid.

4. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer comprises from about 1% to 10% potash.

5. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer comprises less than 10% sulfur.

6. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer is phosphate free.

7. The aqueous liquid fertilizer of claim 1, wherein the
waste filtrate is produced by filtering an anaerobically
digested animal manure effluent.

8. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer comprises from 40,000 to 750,000 ppm of dis-
solved solids.

9. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer comprises from 0 to 20,000 ppm of suspended
solids.

10. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer comprises from 10% to 90% water.

11. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer is free of pathogens.
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12. The aqueous liquid fertilizer of claim 1, wherein the
fertilizer meets the criteria for USDA organic certification
under the National Organic Program.

13. An aqueous liquid fertilizer comprising from about
4% to about 10% of dissolved ammoniacal nitrogen, from
40,000 to 750,000 ppm of dissolved solids, from 0 to 20,000
ppm of suspended solids, from 10% to 90% water, from
about 1% to 10% potash, and less than 10% sulfur.

14. The aqueous liquid fertilizer of claim 13, wherein the
fertilizer comprises residues of one or more acids selected
from the group consisting of citric acid, lactic acid, L-malic
acid, acetic acid, formic acid, oxalic acid, uric acid, phos-
phoric acid, sulfuric acid, hydrochloric acid, nitric acid,
hydrofluoric acid, and perchloric acid.

15. The aqueous liquid fertilizer of claim 13, wherein the
dissolved ammoniacal nitrogen is derived from a plant or
animal-sourced waste filtrate.

16. The aqueous liquid fertilizer of claim 15, wherein the
waste filtrate is produced by filtering an anaerobically
digested animal manure effluent.

17. An aqueous liquid fertilizer comprising at least 4%
dissolved ammoniacal nitrogen, the fertilizer being made by:

(a) obtaining a plant or animal-sourced waste filtrate

comprising ammoniacal nitrogen dissolved in water;

(b) adding an acid to the waste filtrate in a sufficient

quantity so as to adjust the pH of the waste filtrate to
between 3 to 7 and thereby form a pH-adjusted filtrate;

(c) removing water from the pH-adjusted filtrate to con-

centrate the dissolved ammoniacal nitrogen contained
therein to at least 4%.

18. The aqueous liquid fertilizer of claim 17, wherein the
plant or animal-sourced waste filtrate is prepared by filtering
a plant or animal-sourced waste product comprising sus-
pended solids.

19. The aqueous liquid fertilizer of claim 18, wherein the
plant or animal-sourced waste product is an effluent from the
anaerobic digestion of animal manure.

20. The aqueous liquid fertilizer of claim 17, wherein the
fertilizer comprises from 0 to 20,000 ppm of suspended
solids.

21. The aqueous liquid fertilizer of claim 17, wherein the
acid is added to the waste filtrate in an amount of from about
0.1 1b/gal to about 2.0 1b/gal.

22. The aqueous liquid fertilizer of claim 17, wherein the
acid is selected from the group consisting of citric acid,
lactic acid, L-malic acid, acetic acid, formic acid, oxalic
acid, uric acid, phosphoric acid, sulfuric acid, hydrochloric
acid, nitric acid, hydrofluoric acid, and perchloric acid.

23. The aqueous liquid fertilizer of claim 17, wherein the
fertilizer comprises from about 1% to 10% potash.

24. The aqueous liquid fertilizer of claim 17, wherein the
fertilizer comprises from 40,000 to 750,000 ppm of dis-
solved solids.

25. The aqueous liquid fertilizer of claim 17, wherein the
fertilizer comprises from 10% to 90% water.

26. The aqueous liquid fertilizer of claim 17, wherein the
fertilizer is phosphate free.

27. The aqueous liquid fertilizer of claim 17, wherein the
fertilizer comprises less than 10% sulfur.
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ORGANIC LIQUID FERTILIZER AND
PROCESS OF MAKING

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/556,102, which was filed on Jul. 23, 2012
and relates to and claims priority to U.S. Provisional Patent
Application No. 61/572,751, which was filed on Jul. 21,
2011, and U.S. Provisional Patent Application No. 61/572,
749, which was filed on Jul. 21, 2011, the contents and
teachings of which are incorporated herein by reference.
This application is a continuation of International Patent
Application Serial No. PCT/US2012/047890, which was
filed on Jul. 23, 2012 and relates to and claims priority to
U.S. Provisional Patent Application No. 61/572,751, which
was filed on Jul. 21, 2011, and U.S. Provisional Patent
Application No. 61/572,749, which was filed on Jul. 21,
2011, the contents and teachings of which are incorporated
herein by reference. The content and teachings of U.S.
patent application Ser. No. 13/556,102 are also incorporated
herein by reference.

BACKGROUND

Adequate nitrogen in the contents of soil is necessary for
a healthy lawn, plants, and crops. Fertilizers containing
nitrogen are used to enhance the nitrogen levels in the soil
to produce greener, lusher, faster-growing plants, lawns, and
crops. Nitrogen must be available for the plant to use it,
meaning that the nitrogen must be converted to NH,* or
NH;. The Nitrogen may be readily available or organisms in
the soil must covert the Nitrogen into a usable form.

Inorganic fertilizers, while inexpensive and easy to apply,
tend to wash the nutrients out of the soil, requiring reappli-
cation on a regular basis. Additionally, since inorganic
fertilizers are concentrated, they tend to burn plant roots
more than organic materials.

Fertilizers that are derived from an organic source are
preferable for a variety of reasons. They have a lower
burning potential and a lower leach potential; and they
replenish the soil with micro-nutrients, essential amino
acids, and organic matter that were consumed by previous
agricultural and horticultural activity. However, most fertil-
izers derived from an organic source have a nitrogen content
that is less than 3% and the Nitrogen is usually in a slow
release form. The slow release nitrogen in most fertilizer
derived from an organic source must be broken down over
time by microorganisms in the soil in order for that nitrogen
to be converted to a form that is usable by plants and crops.
This element of organic-derived fertilizer pushes many to
purchase synthetic fertilizers that provide a higher level of
nitrogen and a quicker release into the soil and uptake by the
plant.

SUMMARY OF THE INVENTION

The present invention provides for a method of making a
liquid fertilizer. The method for making fertilizer of the
present invention generally includes a) obtaining a liquid
organic waste filtrate; b) adding an acid and ¢) performing
an evaporation process on the liquid organic waste filtrate.
The liquid organic waste filtrate originates from a liquid
organic waste material wherein the suspended solids have
been removed. The method of making the liquid fertilizer
where the method starts from liquid organic waste would
generally include: a) obtaining liquid organic waste; b)
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removing the suspended solids from the liquid organic
waste; ¢) adding an acid; and d) performing an evaporation
process on the liquid organic waste. The liquid organic waste
filtrate is created by obtaining liquid organic waste and
removing the suspended solids. Optionally the method
includes a second addition of an acid to adjust the final pH
of' the liquid fertilizer. The liquid organic waste is preferably
derived from an organic source. This liquid organic waste is
preferably derived from animal manure, specifically, poultry
manure.

The present invention also provides for a fertilizer derived
from an organic source with a higher level of nitrogen than
other fertilizers derived from an organic source. The fertil-
izer of the present invention advantageously contains at least
4% Nitrogen, which is greater than previous organic fertil-
izer compositions. The Nitrogen in the fertilizer of the
present invention is preferably Ammoniacal Nitrogen. This
Ammoniacal Nitrogen is 100% water soluble and is there-
fore quickly released into the soil and readily available for
plants. Further, the fertilizer of the present invention is
derived from an organic source. The fertilizer of the present
invention preferably comprises a fertilizer that contains from
about 4% to 10% nitrogen, more preferably from about 4%
to 6% nitrogen. This is a higher nitrogen content than what
is presently available in fertilizers that are derived from
organic materials.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 is a schematic drawing of one embodiment of the
method of the present invention;

FIG. 2 is a schematic drawing of an additional embodi-
ment of the method of the present invention; and

FIG. 3 is a schematic drawing of an embodiment that
demonstrates the method of obtaining the liquid organic
waste filtrate and the further processing to the ultimate end
product.

DETAILED DESCRIPTION

A method of making a liquid organic fertilizer is provided.
The method generally comprises the following steps: a)
obtaining a liquid organic waste filtrate; b) adding an acid to
the liquid organic waste filtrate; and c) performing an
evaporation process on the liquid organic waste filtrate.

A further embodiment provides a method for making
fertilizer that includes the steps of: a) obtaining liquid
organic waste; b) removing suspended solids from the liquid
organic waste, forming a liquid organic waste filtrate; c¢)
adding an acid; and d) performing an evaporation process on
the liquid organic waste filtrate. In an alternate embodiment,
the method further comprises the step of adding a second
acid. Preferably, this second acid is added after the evapo-
ration process is performed on the liquid organic waste
filtrate.

The liquid organic waste can be any aqueous solution that
contains a dissolved protein, Ammoniacal Nitrogen, and
other soluble nutrients. If the organic waste is in a solid or
semi-solid form, water is preferably added to the solid or
semi-solid material to form a fluid mixture. For example, in
an embodiment where animal manure is utilized, water is
added to form a fluid mixture creating liquid organic waste.
The water preferably creates a fluid mixture of water and
suspended and dissolved solids making up the liquid organic
waste. An effluent discharge from an anaerobic digester is a
preferred liquid organic waste. The suspended and dissolved
solids in the liquid organic waste preferably include, but are
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not limited to: nitrogen, phosphate, potash, secondary nutri-
ents, micro-nutrients and organic matter found in anerobi-
cally digested manure or other agriculturally related organic
waste. The temperature of starting material is preferably
between 90° F. and 140° F., more preferably from about 132°
F. to 136° F. This temperature is preferably achieved using
a heat exchanger. The liquid organic waste for the method of
the present invention is preferably derived from an organic
source. The liquid organic waste is preferably derived from
natural sources the include, but are not limited to, plant and
animal-biproducts, rock powders, seaweed, inoculants, con-
ditioners, dairy product waste, livestock manure, liquid
manure, worm castings, peat, guano, compost, blood meal,
bone meal, fish meal, decomposing crop residue, cheese
whey, dairy product waste, livestock manure, mixed liquor
from food and livestock processing facilities, wastewaters
from a variety of food processing operations, and combina-
tions thereof. However, the list provided herein is not meant
to be limiting, as any natural source that provides nitrogen,
phosphate, and potash will work for purposes of the present
invention.

The liquid organic waste is preferably filtered to remove
suspended solids. The removal of suspended solids from the
liquid organic waste creates the liquid organic waste filtrate.
This liquid organic waste filtrate preferably contains less
than 2,000 parts per million (hereinafter “ppm”) suspended
solids, more preferably, less than 1,500 ppm suspended
solids, and most preferably 1,200 ppm suspended solids or
less. The liquid organic waste filtrate preferably contains
nitrogen, phosphate, potash, secondary nutrients, micro-
nutrients and organic matter. The nitrogen is preferably
Ammoniacal Nitrogen.

The step of removing suspended solids can be performed
by any mechanism capable of filtering particles. The sus-
pended solids are preferably those particles that won’t pass
through a 270 Dalton membrane under 500 psi of pressure.
The removal of suspended solids can preferably be com-
pleted using at least one, at least two, or at least three or
more filtration steps. The removed suspended solids can be
further processed to produce granular fertilizers. These
filtration steps may utilize the same method of filtration or
different methods of filtration. Preferably, in an embodiment
where three filtration steps are performed, the first step
removes large suspended solids (greater than 24 microns),
the second step removes small suspended solids (less than
24 microns), and the third step removes any residual solids.
Preferably, the suspended solids are removed using one or
more filtration mechanisms including, but not limited to,
mechanical screening, microfiltration, ultrafiltration, nano-
filtration, reverse osmosis, membrane separation, and elec-
tro-coagulation. Preferred machinery for removing sus-
pended solids include, but are not limited to, BioPulse
system provided by bioprocess H2O (Portsmith, R.1.); Petro
Membrane Bioreactor (“MBR™) (Siemens Industry, Inc.
USA); PURON MBR (Koch Membrane Systems, Inc.,
Wilmington, Mass.); Pall Aria Integrated MF/NF (microfil-
tration/nanofiltration) and MF/RO (microfiltration/reverse
osmosis) systems (Pall Corporation, Port Washington, N.Y.);
Alfa Laval Filtration (Alfa Laval, Sweden); and NF (nano-
filtration) and RO (reverse osmosis) Membrane Separation
(BKT Co Ltd, Korea). The filtration step(s) result in the
liquid organic waste filtrate.

In a further embodiment, the step of removing suspended
solids further includes a second filtration step. This second
filtration step preferably removes any material of a size that
may disrupt, impeded, or block an irrigation system. Any
filtering process that removes the material of a size that
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might disrupt an irrigation system would work for purposes
of the present invention. Preferred filtering processes
include, but are not limited to, the use of a 500-mesh screen,
membrane filters, continuous agitation through turbulent
flow, or reverse osmosis, with or without a self-cleaning
method of filtration.

In yet a further embodiment, the step of removing sus-
pended solids includes a third filtration step. The third
filtration step can be any filtration method referenced herein,
however, it is preferred that it is reverse osmosis.

An acid is preferably added to the liquid organic waste
filtrate. Preferably, the acid is utilized to adjust the pH of the
liquid organic waste filtrate to a pH of 7 or lower. Preferably,
the pH is adjusted to a pH of between pH 3 to pH 7, more
preferably from about pH 5 to pH 7, and most preferably
about pH 6.5. Additionally, the acid preferably acts to bind
the ammonium molecules so that they are able to release free
ammonia, preferably without producing suspended solids. In
an embodiment where an acid is utilized, the acid can be any
organic or inorganic acid that will adjust the pH of the liquid
organic waste filtrate to a pH 7 or less, more preferably a pH
of 6.5. The type and amount of acid will vary depending on
the given situation, but the amount and type of acid is
enough to lower the pH of the liquid organic waste filtrate
to a pH of 7 or less. The acid is preferably selected from, but
is not limited to, citric acid, lactic acid, L.-malic acid, vinegar
(acetic acid), phosphoric acid, sulfuric acid, hydrochloric
acid, nitric acid, and combinations thereof. Most preferably,
the acid is citric acid. In a most preferred embodiment, the
acid utilized is an organic acid. Any organic acid will work
for purposes of the present invention. Preferred organic
acids include, but are not limited to, lactic acid, acetic acid,
formic acid, citric acid, oxalic acid, and uric acid. Inorganic
acids may also be utilized for purposes of the present
invention. Inorganic acids include, but are not limited to,
hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid,
hydrofiuoric acid, hydrobromic acid, perchloric acid, and
combinations thereof. The acid is preferably added in an
amount that is sufficient to change the pH of the liquid
organic waste filtrate to a pH 7 or lower. The amount of acid
added depends on the type of acid used, starting pH of the
liquid organic waste filtrate, the buffering capacity of the
liquid organic waste filtrate, and the Nitrogen content of the
liquid organic waste filtrate. In a preferred embodiment the
acid is added in an amount of from about 0.1 Ib/gallon to 2.0
Ib/gallon, more preferably from about 0.2 lb/gallon to 1.5
Ib/gallon, still more preferably from about 0.4 1b/gallon to
1.0 1b/gallon, and most preferably, the acid is added in an
amount of about 0.6 Ib/gallon.

The liquid organic waste filtrate and acid are preferably
exposed to an evaporation process. The evaporation process
may be any process suitable for removing water from the
composition. In a preferred embodiment, the composition is
in a liquid form following the evaporation step. Preferably,
a vacuum evaporation is utilized. A most preferred vacuum
evaporator is the Turbo CAST® vacuum evaporator (Ther-
moEnergy Inc., Worcester, Mass.). Other possible vacuum
evaporators include, but are not limited to, the vacuum
evaporators made by Veolia Water Solutions and Technolo-
gies (Cary, N.C.), HF Pure Water (Compton, Calif.), Mech-
Chem Associates (Norfolk, Mass.), and Econ Industries
(Starnberg, Germany). The evaporation process requires
heat to remove water from the composition. The temperature
range of the evaporation process is preferably from about
90-110° F., more preferably from about 100-105° F. In an
embodiment that includes a vacuum evaporation process,
the vacuum range is preferably from about 26-28 inches of
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mercury, with the preferred range being from about 27-28
inches of mercury. The time the evaporator is used depends
on the temperature and pressure utilized and can be deter-
mined in line with industry standards. A non-limiting
example includes a Turbo Cast MVR 21000 system (Ther-
moEnergy, Inc., Worcester, Mass.), operating at 100° F. and
28 inches of mercury, will concentrate 155,000 gallons of
solution to 21,000 gallons by removing water at a rate of
46,565 pounds per hour.

Preferably, the evaporation process creates water vapor
that can be captured and transformed into potable water.
Advantageously, during the evaporation step, water vapor is
created. This water vapor is then cooler condensed into
liquid water. The water that results from the method of the
present invention is clean and suitable for drinking.

An alternate embodiment of the present invention is
described in the next several paragraphs. The alternate
embodiment starts with an anerobic digester discharge
(hereinafter “digestate”). This digestate can be any fluid
mixture of water and suspended and/or dissolved solids. The
suspended and dissolved solids in the digestate preferably
include, but are not limited to nitrogen, phosphate, potash,
secondary nutrients, micro-nutrients and organic matter
found in anerobically digested manure or other agricultur-
ally related organic waste. Preferably, the digestate is at a
temperature of between 80° F. and 132° Fahrenheit.

The digestate is preferably then processed by a filtering
mechanism to remove and capture the large suspended
solids, hereinafter called “recovered solids”. These large
suspended solids are preferably greater than 24 microns in
size. The recovered solids preferably have a moisture con-
tent of from about 70% to 90% moisture, more preferably
about 80% moisture. The recovered solids are then prefer-
ably processed in a twin-screw helical heat exchanger to
produce granular fertilizer with a moisture content of 10% or
less, more preferably 5% or less. The heat utilized to process
the recovered solids is preferably from an indirect source,
such as, but not limited to hot oil flowing around the ducts.
Preferably, the rotation of helical ducts severs to cause the
solids to bind together to form fertilizer granules. Amonia-
rich exhaust gas is preferably created by this process that can
be cooled and added to the liquid filtrate and further pro-
cessed. The formation of granular fertilizer is an optional
part of the method of the present invention and is not a
required element. In an alternate embodiment, the recovered
solids are discarded.

In one embodiment, the liquid filtrate remaining after the
suspended solids are removed is pH adjusted with an acid to
produce a pH of approximately 7.0. The acid added can be
any acid capable of adjusting the pH of the liquid filtrate.
Preferably an organic acid is used, more preferably citric
acid is utilized. The liquid filtrate is preferably then filtered
at least one additional time, more preferably at least two
additional times. The first additional filtration step prefer-
ably removes the remaining small suspended solids. The
small suspended solids are preferably less than or equal to 24
microns. This first additional filtration step is preferably
completed using membrane filters, however, any filtration
system capable of removing small suspended solids will
work. Other filtration methods contemplated by the present
invention are discussed herein. The second additional filtra-
tion step preferably removes molecular dissolved solids.
This second additional filtration step is preferably completed
using a nano-filter, however, any filtration system capable of
removing molecular dissolved solids, such as those filtration
methods discussed herein.
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The liquid organic waste filtrate resulting from the above
process is a liquid fertilizer product with unique solids and
nutrient content of exceptional value for soil conditioning,
replacement of exhausted nutrients, and restoration of soil
health. The second filtration step is a semi-continuous pro-
cess that produces reject in quantifiable batch volumes. After
a programmed interval, the valve of the extruder is opened
to release the accumulated reject. This accumulated reject is
isolated and removed to storage. At this point, the next batch
of liquid organic waste is filtered. This cycle repeats indefi-
nitely. Citric acid is preferably added to the resulting liquid
filtrate from the second filtration step to adjust the pH. This
pH adjustment preferably stabilizes the ammonium nitrogen
contained in the permeate and produces entrained carbon
dioxide. The carbon dioxide gas is liberated from the liquid
filtrate and then the acidified liquid filtrate is filtered again
in the third additional filtration step. The concentrated
stream produced by the third filtration step is then concen-
trated by vacuum evaporation. This vacuum evaporation
further concentrates the liquid organic waste filtrate from the
second filtration step and produces the phosphate-free liquid
organic fertilizer of the present invention. The water vapor
produced during this process is preferably condensed and
combined with permeate obtained from the final filtration
step. The resultant solution is clean water of such quality
required to meet the NPDES discharge permit requirements
established by the USEPA Clean Water Act of 1972.

The final products of this alternate embodiment of the
method of the present invention are preferably a liquid
fertilizer and water. The liquid fertilizer preferably has a
high Nitrogen content, where the Nitrogen is Ammoniacal
Nitrogen, which is 100% water soluble and readily available
to the soil. Additionally, the water produced is potable water.

A liquid fertilizer derived from an organic source is also
provided by the present invention. The organic source
preferably includes, but is not limited to, plant and animal-
bi-products, rock powders, seaweed, inoculants, condition-
ers, dairy product waste, livestock manure, liquid manure,
worm castings, peat, guano, compost, blood meal, bone
meal, fish meal, decomposing crop residue, cheese whey,
dairy product waste, livestock manure, mixed liquor from
food and livestock processing facilities, wastewaters from a
variety of food processing operations, and combinations
thereof. However, the list provided herein is not meant to be
limiting, as any natural source that provides nitrogen, phos-
phate, and potash will work for purposes of the present
invention. In a most preferred embodiment, the organic
source is animal manure, most preferably, poultry manure.

The liquid fertilizer of the present invention preferably
contains Ammoniacal Nitrogen derived from an organic
source. The Ammoniacal Nitrogen provided by the fertilizer
of the present invention is derived from anerobically
digested waste. The Ammoniacal Nitrogen in the liquid
fertilizer of the present invention is preferably soluble
Ammoniacal Nitrogen (N—NH4) that is immediately avail-
able to the plant. The Ammoniacal Nitrogen is preferably
present in the liquid organic waste and thus, still present in
the liquid organic waste filtrate. The Ammoniacal Nitrogen
is preferably concentrated by the method of the present
invention and the addition of the acid in the method also
binds the ammonium (NH,) molecules very tightly, thus
restricting their conversion to free ammonia (NH;) and
subsequent loss through volatilization.

This Ammoniacal Nitrogen is preferably present in the
liquid fertilizer in an amount of greater than 4%, more
preferably from about 4% to 10% Nitrogen, more preferably
from about 4% to 6% Nitrogen, and most preferably about
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6% Nitrogen. Water is preferably present in the liquid
fertilizer in an amount of from about 10% to 90%, more
preferably from about 20% to 80%, more preferably from
about 30% to about 60%, and most preferably from about
35% to 45%. Advantageously, the liquid fertilizer contains
dissolved solids. Preferably, the liquid fertilizer contains at
least 40,000 ppm to about 750,000 ppm dissolved solids,
more preferably from about 100,000 ppm to about 700,000
ppm dissolved solids, preferably from about 200,000 ppm to
690,000 ppm dissolved solids, more preferably from about
300,000 ppm to about 680,000 ppm dissolved solids, and
most preferably from about 550,000 ppm-650,000 ppm
dissolved solids. It is generally preferred that the liquid
fertilizer contain at least 40,000 ppm of dissolved solids. A
preferred embodiment contains about 590,000 ppm dis-
solved solids.

In a preferred embodiment, the liquid fertilizer has little
to no suspended solids in the composition. Preferably, the
liquid fertilizer has from O ppm to 20,000 ppm suspended
solids, more preferably less than 15,000 ppm, more prefer-
ably less than 13,000 ppm and most preferably less than
12,000 ppm, more preferably less than 10,000 ppm, still
more preferably less than 5,000 ppm, still more preferably
less than 3,000 ppm, and most preferably about 1,200 ppm.
In a most preferred embodiment the liquid fertilizer has no
suspended solids. The liquid fertilizer of the present inven-
tion may also contain potash. The potash is preferably
soluble potash. The potash is preferably present in an
amount from about 1% to 10%, most preferably about 5%.
Sulfur may also be present in the liquid fertilizer. Sulfur is
preferably present in the liquid fertilizer in an amount less
than 10%, more preferably less than 8%, and most prefer-
ably 4% or less.

The fertilizer of the present invention preferably has a pH
of between pH 3 to pH 7, more preferably from about pH 5
to pH 7, and most preferably about pH 6.5. Additionally, the
fertilizer of the present invention is preferably free of
pathogens. In a preferred embodiment, pathogens die within
24 hours of being introduced into the fertilizer.

Additionally, the fertilizer of the present invention may be
certified by the United States Department of Agriculture
(“USDA”) as “USDA organic.” The USDA has a program
called the National Organic Program (“NOP”) which spe-
cifically describes the synthetic materials that are allowed in
fertilizer (www.ams.usda.gov/nop). Specifically, the list of
acceptable ingredients is provided in the National Organics
Program List in section 205.605. In a preferred embodiment,
the method of the present invention produces a liquid
fertilizer eligible for USDA organic certification. However,
this is not a required element of the present invention. The
method of the present invention producing a fertilizer of the
present invention can be derived from an organic source
without meeting the requirements of being certified USDA
organic.

DEFINITIONS

“Organic” or “Organically derived”, for purposes of the
present invention refer to the natural source of the starting
material for the fertilizer of the present invention. While not
meant to be limiting, a starting material for the fertilizer may
include, but is not limited to plant and animal bi-products,
rock powders, seaweed, inoculants, conditioners, dairy
product waste, livestock manure, liquid manure, worm cast-
ings, peat, guano, compost, blood meal, bone meal, fish
meal, decomposing crop residue, cheese whey, dairy product
waste, livestock manure, mixed liquor from food and live-

10

15

20

25

30

35

40

45

50

55

60

65

8

stock processing facilities, wastewaters from a variety of
food processing operations, and combinations thereof. How-
ever, the list provided herein is not meant to be limiting, as
any natural source that provides nitrogen, phosphate, and
potash will work for purposes of the present invention.

“USDA organic” refers to a fertilizer or components that
meet the guidelines as set forth by the USDA requirements
to certify something as “organic.”

“Ammoniacal Nitrogen” for purposes of the present
invention refers to Nitrogen that is provided to the plant in
a water soluble form, where the Ammoniacal Nitrogen
includes ammonium (NH,*) and ammonia (NH;). The
Ammoniacal Nitrogen is readily plant available.

“Liquid organic waste,” for purposes of the present inven-
tion refers to any aqueous solution that contains a dissolved
protein, Ammoniacal Nitrogen, and other soluble nutrients.
If the waste is in a solid or semi-solid form, water is
preferably added to the solid or semi-solid material to form
liquid organic waste, creating a fluid mixture of water and
suspended and dissolved solids. The liquid organic waste
can come from any organically derived source, as detailed in
the definition for “organic” or “organically derived.”

“Liquid organic waste filtrate,” for purposes of the present
invention, is the liquid organic waste, described above,
where the suspended solids have been removed. Preferably,
the suspended solids are removed by a filtration process.

“Suspended solids,” for purposes of the present invention
refer to those particles that won’t pass through a 270 Dalton
membrane under 500 psi of pressure.

“Dissolved solids,” for purposes of the present invention
refer to those particles that are smaller than the suspended
solids, or those particles that will pass through a 270 Dalton
membrane under 500 psi of pressure.

EXAMPLES
Example 1

This example illustrates one embodiment of the method
and fertilizer of the present invention.
Materials and Methods

Poultry manure was obtained and water was added to the
poultry manure to form an aqueous mixture for the liquid
starting material. A nanofiltration and reverse osmosis fil-
tration system were used to remove the suspended solids.
Once the suspended solids were removed, citric acid was
added to the liquid starting material. Next, a vacuum evapo-
rator was utilized at between 100-105° F. at a pressure of
26-28 inches of mercury. After the evaporation process was
complete, an additional amount of citric acid was added to
adjust the pH of the solution to around pH 6.5. The water
vapor from the evaporation process was captured.
Results and Conclusions

The resulting liquid fertilizer contained a soluble and
rapid-acting nitrogen source, where the amount of nitrogen
in the fertilizer was 6%. The potassium content of the
fertilizer was 5% and the fertilizer did not contain any
phosphorus. The potash content was about 5% and the
fertilizer contained 4% sulfur. Suspended solids were pres-
ent in the fertilizer at about 1,200 ppm and the fertilizer
contained about 590,000 suspended solids. The organic
matter present in the fertilizer was about 75% and it was
about 11 pounds per gallon at 68° F. The liquid fertilizer was
also pathogen free.
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Additionally, the water vapor was recovered as potable
water, suitable for drinking.

Example 2

This example illustrates use of the fertilizer for crops.
Materials and Methods

Using the fertilizer resulting from Example 1, crops may
be fertilized. The crops may be fertilized at 10 lbs N/acre
pre-plant or at planting; 25-35 lbs N/acre at thinning; and
10-15 1bs N/acre at pre-harvest.
Results and Conclusions

The total nitrogen in the fertilizer will be 45-60 Ibs
N/acre, where the fertilizer of the present invention has 0.66
Ibs N/gallon, which equals 75-100 gallons/acre.

Example 3

This example illustrates the pathogen-free aspect of the
fertilizer of the present invention.
Materials and Methods

Pathogens may be introduced into the liquid fertilizer of
the present invention.
Results and Conclusions

After 24 hours, none of the pathogens introduced into the
liquid fertilizer will be alive.

Example 4

This example illustrates the removal of suspended solids.
Materials and Methods

The solid separation and nutrient recovery process began
with the effluent discharge from an anaerobic digester,
hereafter referenced as “digestate”. Digestate is a fluid
mixture of water and suspended and dissolved solids includ-
ing, but not limited to: nitrogen, phosphate, potash, second-
ary nutrients, micro-nutrients and organic matter found in
anaerobically digested manure or other agriculturally related
organic waste. The temperature of digestate was between
80° F. and 132° Fahrenheit.

The digestate was processed by a filtration mechanism to
remove and capture large (>24 microns) suspended solids,
hereafter referenced as “recovered solids”. The recovered
solids were separated from the digestate by the filtration
mechanism have a moisture content of approximately 80
percent. These wet solids were then processed in a twin-
screw helical heat exchanger to produce granular fertilizer
with a moisture content of 5% or less. The wet recovered
solids were then introduced into a series of rotating helical
ducts. Hot oil flowing around through the ducts provided
indirect heat. The constant motion and heat applied to the
solids functioned to remove latent moisture from the solids.
Rotation of the helical ducts served to cause the solids to
bind to each other and form granules of solid fertilizer. These
fertilizer granules may be later screened to size as desired.
The evaporated moisture consisted of an ammonia-rich
exhaust gas. This warm gas may be cooled to produce
condensate that can be added to the filtrate from the filtering
mechanism and further processed.

Example 5

This example illustrates the filtration process of the pres-
ent invention.
Materials and Methods

The filtrate from the filtration mechanism was pH
adjusted with citric acid to produce a pH of approximately
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7.0 and then fed through a series of membrane filters
hereafter referenced as “filtration steps”. The first filtration
step (nano-filtration) removed the remaining small (<24
microns) suspended solids that were not initially captured.
The second filtration step (reverse osmosis) removed
molecular dissolved solids that pass through the nano-filter.

The material that passed through each filtration step,
hereafter referenced as “permeate”, was the feed stream to
the subsequent filtration step. The concentrated product
produced at each filtration step, hereafter referenced as
“reject”, was a high-value fertilizer product of unique solids
and nutrient content. After a programmed time interval, a
valve was opened to release the accumulated reject. The
valve was then closed to allow the concentration of addi-
tional feed stream. This cycle repeated several times. The
filtration method utilized continuous agitation through tur-
bulent flow forced the filtrate against the membrane filters of
a cylindrical mechanism. As the mechanism rotated, spe-
cially designed blades created vortices which removed fou-
lants from the membrane surface and dramatically decreased
boundary layer effects. Both reject and permeate were
obtained and processed as previously disclosed.

Citric acid was added to the reject from the second
filtration step (reverse osmosis) to produce approximately
6.0 pH. This pH adjustment stabilized the ammonium nitro-
gen contained in the reject and, in doing so, produced
entrained gaseous carbon dioxide. Entrained gas was liber-
ated from the reject by applying ultrasonic vibration and
mechanical agitation. The acidified, de-gassed reject was
further concentrated by vacuum evaporation.

The vacuum evaporation process was operated under
vacuum of approximately 28 inches mercury and at a
temperature of approximately 100° Fahrenheit. This process
further concentrated the reject solution and produced a
phosphate-free liquid organic fertilizer. Nitrogen and potash
concentrations may be adjusted as required by controlling
the volume of water removed through evaporation. The
water vapor produced by evaporation was condensed and
combined with permeate obtained from the final filtration
step. The resultant solution was then processed by spiral
reverse osmosis which removes any remaining solids and
any pathogens not destroyed in the digestion process.
Results and Conclusions

The final products of the filtrate processing consisted of:
at least two high-value liquid fertilizer products with
uniquely different nutrient contents and agronomic uses,
including a concentrated phosphate-free liquid organic fer-
tilizer, and potable water.

Example 6

This example provides another embodiment of the present
invention.
Materials and Methods

A typical pilot process demonstration included the col-
lection of 300 gallons of digestate from the anaerobic
digestion of poultry waste at 132° Fahrenheit. This stream
had a total nitrogen content of 14 percent (dry weight basis)
including an ammonium concentration of approximately
3,000 ppm. This stream was mechanically screened to
remove large (>24 microns) suspended solids. The under-
flow from the mechanical screen was approximately 294
gallons with an ammonium concentration of approximately
2,800 ppm.

The 294 gallons was then filtered to remove the residual
suspended solids greater in size than will pass through a 270
Dalton membrane under 500 psi pressure. This filtration step
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produced approximately 44 gallons of reject and 250 gallons
of permeate. The ammonium concentration of the permeate
stream was approximately 2,000 ppm.

The 250 gallons of permeate were pH adjusted with citric
acid to 6.5 and then filtered by reverse osmosis. The reverse
osmosis process produced approximately 37 gallons of
reject and 213 gallons of permeate (liquid organic waste
filtrate). Approximately 0.6 pounds of citric acid were added
per gallon of reject produced. The ammonium concentration
of the reject stream was approximately 15,000 ppm.

The 37 gallons of reject from the reverse osmosis process
were then concentrated to approximately 6 gallons of fin-
ished product by the use of vacuum evaporation.

Results and Conclusions

The fertilizer of the present invention was produced. The
ammonium concentration of the finished product was 60,000
ppm or six percent by weight.

All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and methods and in the steps or
in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically
related may be substituted for the agents described herein
while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the spirit, scope and
concept of the invention as defined by the following claims.

The invention claimed is:
1. A method for making a liquid fertilizer comprising the
steps of:
a) obtaining a liquid organic waste filtrate that contains
ammoniacal nitrogen;
b) adding an acid to the liquid organic waste filtrate to
adjust the pH to between 5 and 7; and
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¢) performing an evaporation process on the liquid
organic waste filtrate, to which the acid has been added,
to obtain a liquid fertilizer that contains ammoniacal
nitrogen.

2. The method of claim 1, wherein the method further
comprises the step of adding a second acid to the liquid
organic waste filtrate after performing the evaporation pro-
cess.

3. The method of claim 1, wherein the acid is citric acid.

4. The method of claim 3, wherein the citric acid is added
in an amount of from about 0.1 b s/gallon to 2.0 1b s/gallon.

5. The method of claim 1, wherein the acid is added in an
amount sufficient to change the pH of the liquid organic
waste filtrate to a pH of between 5 and 7.

6. The method of claim 1, wherein the liquid organic
waste filtrate is produced by the steps comprising:

a) obtaining liquid organic waste; and

b) removing suspended solids.

7. The method of claim 6, wherein the step of removing
the suspended solids is performed by a filtration mechanism.

8. The method of claim 6, wherein the liquid organic
waste filtrate contains less than 1,200 ppm suspended solids.

9. The method of claim 6, wherein the removed suspended
solids are particles that will not pass through a 270 Dalton
membrane under 500 psi of pressure.

10. The method of claim 6, wherein the liquid organic
waste comprises poultry manure and water.

11. A method for making a liquid fertilizer comprising the
steps of:

a) obtaining liquid organic waste;

b) removing suspended solids from the liquid organic
waste to form a liquid organic waste filtrate, wherein
the nitrogen contained in the liquid organic waste
filtrate is ammoniacal nitrogen;

¢) adding an acid to the liquid organic waste filtrate to
adjust the pH to between 5 and 7; and

d) performing an evaporation process on the liquid
organic waste filtrate, to which the acid has been added,
to create a liquid fertilizer that contains nitrogen,
wherein the nitrogen is ammoniacal nitrogen.

#* #* #* #* #*
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A liquid fertilizer is produced from off-gassed ammonia
resulting from the processing of animal waste materials,
particular animal manure. The vaporized ammonia is gen-
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STABILIZED LIQUID AMMONIA
FERTILIZER FROM ANIMAL WASTE

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 62/631,403, filed Feb. 15,
2018, which is incorporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention is generally directed toward
a stabilized liquid ammonia fertilizer and methods of mak-
ing the same from volatilized ammonia produced during
confined animal feeding operations and/or during processing
of animal manure into a solid fertilizer product.

Description of the Prior Art

[0003] Adequate nitrogen in the contents of soil is neces-
sary for a healthy lawn, plants, and crops. Fertilizers con-
taining nitrogen are used to enhance the nitrogen levels in
the soil to produce greener, lusher, faster-growing plants,
lawns, and crops. Nitrogen must be available for the plant to
use it, meaning that the nitrogen must be converted to NH,*
or NH;. The nitrogen may be readily available or organisms
in the soil must convert the nitrogen into a usable form.

[0004] Inorganic fertilizers, while inexpensive and easy to
apply, tend to wash the nutrients out of the soil, requiring
reapplication on a regular basis. Additionally, since inor-
ganic fertilizers are concentrated, they tend to burn plant
roots more than organic materials. Fertilizers that are
derived from an organic source are preferable for a variety
of reasons. They have a lower burning potential and a lower
leach potential; and they replenish the soil with micro-
nutrients, essential amino acids, and organic matter that
were consumed by previous agricultural and horticultural
activity. However, most fertilizers derived from an organic
source have a nitrogen content that is less than 3% and the
nitrogen is usually in a slow release form. The slow release
nitrogen in most fertilizer derived from an organic source
must be broken down over time by microorganisms in the
soil in order for that nitrogen to be converted to a form that
is usable by plants and crops. This element of organic-
derived fertilizer pushes many to purchase synthetic fertil-
izers that provide a higher level of nitrogen and a quicker
release into the soil and uptake by the plant.

[0005] Animal manure is a well-known organic source for
solid fertilizer production as it is a good source of essential
micronutrients for plant life. It is common for the animal
manure to be processed into pellets or granules and dried
prior to packaging, storage, and/or shipping. The drying of
the manure inactivates and/or kills pathogens or other micro-
organisms within the manure thereby enhancing the stability
of the resulting solid fertilizer until it can be used for an
agricultural purpose. However, a longstanding problem in
the processing of animal manure in the manufacture of solid
fertilizer is ammonia off gassing. Environmental regulations
often prohibit direct venting of volatilized ammonia that is
released from the manure during drying into the atmosphere.
Therefore, steps must be taken to recover and dispose of
these ammonia vapors.
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[0006] The problem of ammonia off gassing has been
addressed previously through the use of acid scrubbers. See,
for example, Development of an Acid Scrubber for Reducing
Ammonia Emissions from Animal Rearing Facilities, from
LPE Learning Center (Oklahoma State University), which
describes the requirement for addition of a strong acid such
as sulfuric acid to remove nitrogen from gaseous poultry
waste. In particular, this group found that “two scrubbers (a
dust scrubber and an acid scrubber) were needed rather than
one” because of the problem of capturing particles at the
same time as capturing nitrogen.

[0007] However, the use of strong mineral acids, such as
sulfuric acids, and other agents such as urea, limits the
ability of the recovered nitrogen, in the form of a liquid
ammonium solution, to be used in certified organic agricul-
tural applications. The United States Department of Agri-
culture (“USDA”) sets strict guidelines as to materials that
may be registered as “USDA organic” pursuant to the
National Organic Program, particularly materials that are
permitted to be present in fertilizers of this designation. See,
www.ams.usda.gov/nop section 205.605.

[0008] Accordingly, there is a need in the field of fertilizer
product for being able to recover volatilized ammonia from
animal manure and prepare a liquid fertilizer product that
meets USDA guidelines for organic fertilizer certification.

SUMMARY OF THE INVENTION

[0009] According to one embodiment of the present inven-
tion there is provided a method of processing manure, which
comprises quantities of water and ammonia, or aqua ammo-
nia, or aqueous ammonia, into a liquid fertilizer composi-
tion. The method comprises heating the manure to vaporize
at least a portion of the water and ammonia contained therein
and generate fine carbonaceous particles. The vaporized
water and ammonia and fine carbonaceous particles are
contacted with a liquid water stream and the ammonia and
fine carbonaceous particles are dispersed within the liquid
water stream to form a nitrogen-rich liquid. Water is then
removed from the nitrogen-rich liquid to form the liquid
fertilizer composition.

[0010] According to another embodiment of the present
invention there is provided a method of making a liquid
fertilizer comprising providing granules of a ground animal
waste comprising water and ammonia, or aqua ammonia, or
aqueous ammonia. The granules are then heated by passing
over the granules a heated air stream having a temperature
of from about 100° F. to about 450° F. The heating step
vaporizes at least a portion of the water and ammonia
contained within the granules and generates animal waste
dust particles. The heating step reduces the moisture content
of the granules to below 10% by weight. The heated air
stream containing the water vapor, ammonia vapor, and dust
particles is directed to a wet scrubber. The heated air stream
is contacted, within the wet scrubber, with a liquid water
stream. The ammonia and dust particles are dispersed within
the liquid water stream to form a nitrogen-rich liquid. At
least a portion of the dust particles are removed from the
nitrogen-rich liquid so as to achieve a suspended solids
concentration within the nitrogen-rich liquid of less than
15,000 ppm. Water is removed from the nitrogen-rich liquid
to form the liquid fertilizer.

[0011] In yet another embodiment of the present invention
there is provided an aqueous liquid fertilizer having a pH of
from 5 to 7 that comprises at least 3% by weight solubilized
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nitrogen derived from animal waste. The solubilized nitro-
gen is in the form of ammonium ions, wherein at least 5%
of the nitrogen contained in the fertilizer is of the N-15
isotope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic illustration of a process for
treating animal waste for producing a liquid fertilizer prod-
uct according to an embodiment of the present invention;
and

[0013] FIG. 2 is a schematic illustration of another
embodiment of the present invention wherein animal waste
is processed and a liquid fertilizer product is recovered.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0014] FIG. 1 illustrates an exemplary process for treating
animal waste in accordance with an embodiment of the
present invention. The process illustrated in FIG. 1 is
generally operable to produce both solid and liquid fertilizer
products from a common feedstock. An animal manure
feedstock 10 is processed by one or more steps (shown as
multiple arrows below feedstock 10) into a solid fertilizer
material. Animal manure feedstock 10 preferably is carbo-
naceous animal waste excrement such as from cow, pig,
horse, poultry, human, or other animals. Preferably this
waste qualifies as an input for organic registered fertilizer for
use in certified organic production and does not contain
unacceptable additives such as sulfuric acid, phosphoric
acid, metals, antibiotics, growth hormones, insecticides and
the like. In a preferred embodiment the manure waste is
poultry waste.

[0015] The animal manure feedstock 10 comprises ammo-
nia and is generally moist, having a moisture content that
exceeds generally accepted standards for packaging and/or
being considered shelf-stable. In certain embodiments, in
order to prevent premature ammonia volatilization, the
manure feedstock 10 is treated so as to minimize generation
of ammonia. However, it is also within the scope of the
present invention for the manure feedstock 10 not to have
undergone any such pretreatment and to be off-gassing
ammonia. Preferably, animal manure is treated without
addition of non-organic mineral and organic acids and
preferably without adding a source of sulfate, such as
sulfuric acid and ammonium sulfate, or phosphoric acid.

[0016] The animal waste used in feedstock 10 may com-
prise a range of nitrogen and sulfur content. For example,
dried poultry waste often has a nitrogen content of from
about 1% to about 8% by weight on a dry basis, and more
often from about 3% to about 6% by weight on a dry basis.
The sulfur content of poultry waste often ranges from about
0.3% to about 1% by weight on a dry basis, and more often
from about 0.5% to about 0.75% by weight on a dry basis.
The amount of carbon-containing materials is much higher.
For example, lignocellulosic materials (including cellulose,
hemicellulose, and lignin) often comprise from about 10%
to about 37% by weight of the animal waste on a dry basis.
Despite the high levels of carbon in the feedstock, there
apparently has been no serious effort to use the carbonaceous
material during processing for reacting with other compo-
nents in order to improve fertilizer quality. Instead, addi-
tional sources of carbon such as citrate often are added to
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manure to improve quality, but this adds additional costs and
complexity to processes that convert manures to fertilizer.

[0017] It is also within the scope of the present invention
for the animal manure feedstock to comprise a carbonaceous
plant waste such as citrus processing waste (e.g., citrate),
vegetable processing waste and seaweed processing waste
(e.g., alginate). According to one embodiment, the addition
of plant waste results in a decrease in the pH of the
nitrogen-rich liquid within the wet scrubber (described in
further detail below) to a level of from about 4 to about 6.
[0018] Preferably, the feedstock is processed before a heat
killing/drying step that produces fines and off-gassed ammo-
nia. For example, additional sulfur and other materials may
be added to the animal manure feedstock in a mixing step
upstream of the dryer.

[0019] As noted above, the animal manure feedstock 10
can be treated by any of a number of processes, such as
addition of organic acids or anhydrides thereof, such as
citrates, titration by another weak acid or base, or addition
of a sulfur compound. Exemplary acids that can be applied
to the manure feedstock to adjust pH include citric acid,
acetic acid, phosphoric acid, carbonic acid, hydrochloric
acid, nitric acid, sulfuric acid, complex mixtures of organic
acids obtained from other agricultural processes, or a com-
bination thereof. In these embodiments in which the feed-
stock is treated with an acid, it is preferable for the manure
feedstock 10 to have a pH of from about 4 to about 7 prior
to heat treatment step 60 (described below). However, in
other embodiments, it is preferable for no acid and for no
sulfur compounds to be added to the feedstock.

[0020] In certain embodiments, it is possible for the feed-
stock to have undergone further processing steps in which
other macronutrients have been added which are desirably
present in solid fertilizer materials such as potassium phos-
phorus, and sulfur. These macronutrients may be added
during various mixing, granulations, prilling, or dissolving
steps that are well known in the fertilizer manufacturing
industry. Preferably, these additional steps are carried out at
temperatures low enough to avoid significant out-gassing of
ammonia. However, it is possible to perform processing on
the feedstock that does result in significant out-gassing of
ammonia. Such operations, though, should be carried out in
the presence of apparatus comprising ductwork and air
management equipment that is operable to capture the
ammonia vapors and combine them with vapors and fine
particulate matter 70 generated by heating step 60 (ex-
plained further below).

[0021] Next, the animal manure feedstock 10 undergoes a
heating step 60, the primary goal of which is to kill unde-
sirable microorganisms and dry the feedstock into a solid
fertilizer product. However, heating step 60 also results in
the generation of various vapors and fine particulate matter
70, namely water vapor, ammonia vapor, and carbonaceous
animal waste (e.g., manure dust particles or animal bodies or
parts thereof). Heretofore, the loss of ammonia vapors has
been considered a problem as it cannot be directly dis-
charged into the atmosphere due to environmental regula-
tions and is difficult and expensive to capture and recover for
meaningful use, as a fertilizer or otherwise. Thus, many
conventional processes for ammonia removal from the ani-
mal waste rely on aerobic or anaerobic digestion at this
stage, which may be considered low heat processes, but do
require more time and energy (namely, mechanical energy
input by way of pumps, agitators, aerators, etc.) to perform.
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[0022] In contrast, step 60 is a relatively high-heat process
that employs high enough temperatures that result in sig-
nificant off gassing of both water and ammonia vapors from
the wet manure feedstock. In certain embodiments of the
present invention, the processed manure from feedstock 10
preferably is heated from about 100° F. to about 450° F., and
more preferably from about 160° F. to about 400° F. by
application of external heat. Preferably, this heating step is
carried out for less than six hours, more preferably for less
than 2 hours, and yet more preferably for less than 1 hour.
During this drying time, water, ammonia vapors and animal
waste particles 70 are generated and then directed toward a
wet scrubber 80 as shown in FIG. 1.

[0023] A variety of high-heat treatment methods and
devices are known to the skilled artisan and are contem-
plated for use by the present invention. The heating step 60
may utilize, for example, electric or gas heaters, jets, or hot
air streams which can be directed specifically at a treatment
area such as a moving conveyor belt transporting treated
manure through a heating tunnel. Also useful are waste heat
sources, solar heat sources, and geothermal heat sources.
Exemplary waste heat sources include flue gases from gas
turbines in power plants and incinerators, process gases of
chemical and metallurgical operations and waste heat from
other industrial processes. Most preferred is a gas-fired
controlled natural gas or propane burner into a rotating drum
dryer. Hot air being exhausted from the drum dryer contains
water and ammonia vapor and fine particulate matter and
effectively functions as a raw material for manufacture of the
liquid fertilizer composition of the present invention.
[0024] The animal manure feedstock 10 may be produced
on location in a confined animal feeding operation (CAFO)
and air from the CAFO can be added to the vapors and fine
particulate matter 70 created by processing of animal waste
via heating step 60. In one embodiment of the invention, the
process illustrated in FIG. 1 is carried out by equipment on
location at cattle, ovine, poultry, or other animal feeding
operation facilities. In this embodiment, ammonia vapors
present in the air at the CAFO can be captured and combined
with the ammonia vapors in stream 70. Thus, in preferred
embodiments of the present invention, not only is ammonia
captured from heating step 60, but also fugitive ammonia is
captured from air inside the CAFO through a duct system
and transported for processing and recovery.

[0025] It is within the scope of the present invention to
introduce plant waste into the vapor stream 70 in the form
of particles in water. The wet particulate plant waste is
mixed with the ammonia vapor and provided in a gas phase
to the venture scrubber 80. Without being bound by any
particular theory, it is believed that the carbonaceous mate-
rial in the dust particles and optional plant waste bind with
the ammonia present in the vapor phase and assist with its
incorporation into the ultimate liquid fertilizer product.
[0026] Generally, the ammonia and water vapor and fine
particulate material 70 then are transported and introduced
into a wet scrubber 80, preferably a venturi scrubber.
Optionally, other carbonaceous material, such as the plant
material described above or fine particulate material from
other areas of the CAFO facility may be introduced into
scrubber 80 as well.

[0027] The vapors and fines enter venturi scrubber 80
where they are combined with liquid water 90. A combined
aqueous product 95, which is enriched in nitrogen, prefer-
ably ammoniacal nitrogen, leaves scrubber 80 and is col-
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lected by container 100. Although one scrubber is shown in
FIG. 1, a second scrubber may be employed in certain
embodiments. In one particular embodiment, air 70 enters a
first scrubber 80 (preferably without acid addition to lower
pH) and the output air from scrubber 80 enters a second
scrubber (not shown). Optionally, the second scrubber uses
water that has been acid treated to a pH below 6.

[0028] The treatment methods described herein can com-
prise multiple individual steps. Unless recited otherwise, the
steps can be performed in any order. Multiple individual
steps can be combined into a single step, and certain steps
are optional, depending upon, for example, the animal waste
product to be treated and the desired properties of the
resulting product.

[0029] As mentioned above, a preferred type of wet scrub-
ber for use with the present invention is a venturi scrubber.
A venturi scrubber accepts the water and ammonia vapors at
one end, preferably a top end, and adds a water spray while
undergoing a pressure drop as the mixture passes through a
throat section.

[0030] In one embodiment of the present invention, fine
particulate matter removed from one or more processes
associated with animal waste feedstock processing are
hydrated prior to entry into the scrubber. For example, the
particles may be precipitated, exposed to saturating humid-
ity, bubbled via an air jet through water, or otherwise
contacted with water. Subsequently, the particles may be
applied to the scrubber via one or more air jets, water jets,
atomizers or added to the main water input 90 as shown in
FIG. 1.

[0031] FIG. 1 shows a preferred scrubber 80 that accepts
vapor (both water and ammonia) and fines in an inlet (not
shown) at the top. Water 90, preferably at a temperature of
from about 40° F. to about 140° F., more preferably at a
temperature of from about 80° F. to about 120° F., enters the
scrubber and mixes with the vapor. In a preferred embodi-
ment no acid is introduced into the scrubber at this step.
However, it is also within the scope of the present invention
to add an acid, such as citric acid, to the water 90 at this
stage. It was surprisingly found that in many cases, the
carbonaceous fines from a heating step as described herein,
could sorb (i.e., absorb, adsorb, or absorb and adsorb) much
or most of the ammonia without any further pH change.

[0032] In certain embodiments, water 90 preferably is
recycled water from the fertilizer making process such as
water recovered from one or more drying steps. The amount
of water 90 added to scrubber 80 primarily is determined by
the percentage of solids desired in output water 95. In a
preferred embodiment with a venturi scrubber, solids in
output water 95 are kept to less than 4% by weight and more
preferably to no more than 3% by weight. The concentration
conveniently can be adjusted by controlling water input at
the throat of the venturi scrubber.

[0033] The harvested ammoniated fluid (shown as 95 in
FIG. 1) optionally undergoes solids removal step before
being concentrated into the final liquid fertilizer product.
The ammoniated fluid generally has suspended and dis-
solved solids including, but are not limited to nitrogen,
phosphate, potash, secondary nutrients, micro-nutrients and
organic matter found in anaerobically digested manure or
other agriculturally related organic waste. Preferably, the
fluid is at a temperature of from about 80° F. to about 132°
F.
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[0034] Preferably the output water 95 is filtered by for
example a screen, ultrafilter or a centrifuge to remove the
solids. Other techniques may be used, with the object of
filtering the fluid to allow its eventual use as a liquid
fertilizer that can flow through drip irrigation tape. Sus-
pended solids optionally are removed by any of a large
variety of mechanisms. In certain preferred embodiments,
the suspended solids are filtered out by a 270 Dalton
membrane under 500 psi of pressure. Other screens as
known by skilled artisans may be used. The removed
suspended solids can be further processed to produce granu-
lar fertilizers. Multiple concentration steps such as centrifu-
gation or filtration steps may be employed wherein a first
step removes large suspended solids (greater than 24
microns), a second step removes small suspended solids
(less than 24 microns), and a possible third step removes any
residual solids. Preferably, the suspended solids are removed
using one or more filtration mechanisms including, but not
limited to, mechanical screening, microfiltration, ultrafiltra-
tion, nanofiltration, reverse osmosis, membrane separation,
and electro-coagulation. In one embodiment of the present
invention, a second concentration or filtration step prefer-
ably removes material of a size that may disrupt, impede, or
block an irrigation system. Such filtering processes are
exemplified by the use of a 200-mesh screen, membrane
filters, continuous agitation through turbulent flow, or
reverse osmosis, with or without a self-cleaning method of
filtration. Reverse osmosis is a preferred third filtration step.
[0035] Examples of machinery for removing suspended
solids include: the BioPulse system from Bioprocess H20
(Portsmith, R.I.); Petro Membrane Bioreactor (“MBR”)
(Siemens Industry, Inc. USA); PURON MBR (Koch Mem-
brane Systems, Inc., Wilmington, Mass.); Pall Aria Inte-
grated MF/NF (microfiltration/nanofiltration) and MF/RO
(microfiltration/reverse osmosis) systems (Pall Corporation,
Port Washington, N.Y.); Alfa Laval Filtration (Alfa Laval,
Sweden); and NF (nanofiltration) and RO (reverse osmosis)
Membrane Separation (BKT Co Ltd, Korea).

[0036] The large suspended solids, hereinafter called
“recovered solids” generally are greater than 24 microns in
size (largest axis more than 24 microns). The recovered
solids preferably have a moisture content of from about 70%
to 90% moisture, or about 80% (for example, 75-85%)
moisture.

[0037] Preferably the recovered solids are added back to
the fertilizer production process such as just before or during
the mixing step (see, e.g, FIG. 2 at mixer 240) where other
components are added to a ground manure feedstock. In
another embodiment, the recovered solids are dewatered in
a twin-screw helical extruder to produce granular fertilizer
having a moisture content of up to 10%, and preferably no
more than 5%. In one preferred embodiment, hot oil flowing
around the ducts of this extruder is used to support the
dewatering of the recovered solids, and in other embodi-
ments, other sources of additional heat can be used. The
rotation of helical screws of this type of extruder causes
solids to bind together to form granules which may be
suitable for fertilizer use. Ammonia-rich exhaust gas created
by this process preferably is collected by air ducting and
added as further input to the scrubber. Alternatively, the
exhaust gas can be cooled and added to the liquid filtrate.
[0038] Following the procedure of FIG. 1, a liquid fertil-
izer containing at least 0.5% ammonium as a liquid 95 can
be obtained. It was surprisingly discovered that the liquid
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ammonium-enriched liquid 95 that exits venturi scrubber 80
had a level of nitrogen that was an excellent liquid fertilizer
for plants. After exiting scrubber 80, liquid 95, which may
comprise from about 0.5-3% nitrogen, is collected in con-
tainer 100 to await concentration to a desired level, prefer-
ably 6%, 12%, and even up to 16% nitrogen.

[0039] After optional solids removal, the ammonium-
enriched liquid can be concentrated by an evaporator.
Evaporation may be achieved by any process that removes
water from the composition. Preferably, the concentrated
material is in liquid form after evaporation. Vacuum evapo-
ration is preferred. A preferred concentration method
includes the use of an Alfa Laval single-effect vacuum
evaporator followed by a condenser. Steam is introduced on
one side of the heat exchanger while a feed of the concen-
trated material is introduced to the other side of the heat
exchanger under vacuum. The transfer of heat from the
steam to the concentrated material under vacuum, boils off
water which is carried to the second stage condenser where
it is cooled and re-liquified. This liquid is removed from the
system, and may be directed to a reverse osmosis (RO)
process for final cleaning. The concentrate from the RO
process, which may include dissolved ammonium, can be
added to the final liquid fertilizer. The permeate from the RO
system is recycled through the venture scrubber as water 90.
The material remaining in the evaporator is now a highly
concentrated ammonia product containing, in certain
embodiments, up to 16% ammoniacal nitrogen, although
greater concentrations can be achieved if desired.

[0040] Other vacuum evaporators that can be used with
the present invention include, but are not limited to, vacuum
evaporators made by Veolia Water Solutions and Technolo-
gies (Cary, N.C.), HF Pure Water (Compton, Calif), Mech-
Chem Associates (Norfolk, Mass.), and Econ Industries
(Starnberg, Germany). The evaporation process uses heat to
remove water. Preferably evaporation is done at a tempera-
ture (of heated air or heated evaporating material) of from
about 90° F. to about 155° F., or from about 100° F. to about
135° F., or from about 105° F. to about 120° F. In certain
embodiments, it is preferable for the evaporation to be
performed at a temperature of from about 100° F. to about
105° F.

[0041] In a vacuum evaporation process embodiment,
heating occurs during application of a vacuum of from about
10-30 inches of mercury, with the preferred range being
from about 27-28 inches of mercury. Evaporation time
depends on the temperature and pressure applied and can be
determined according to industry standards. Preferably,
water vapor removed from the evaporation process is cap-
tured and used directly or further transformed by the use of
a RO system into potable water. Water vapor created from
the evaporation step is cooled and condensed into a liquid
state. The water that results from this step is clean and
suitable for drinking.

[0042] Methods of fertilizer production from animal waste
may include the addition of an acid such as sulfuric acid,
phosphoric acid, citric acid, and the like. Such acid has a
variety of uses including generating heat, killing microor-
ganisms, stabilizing the product, facilitating reactions, and
immobilizing nutrients such as ammonia. Acid is often
added at an early stage of fertilizer product from manure
while the material is in a wet form. Such acid additions may
be practiced with the present invention. However, it is also
within the scope of the present invention for no acid to be
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added to either the feedstock or to the scrubber. In a
particularly preferred embodiment of the present invention,
it was surprisingly discovered that a high level of ammonia
could be immobilized or fixed without the addition of acid
to the feedstock or the scrubber. This surprising discovery
not only results in cost savings. However, acid may be added
before or after application of material to a venturi scrubber
stage, as described for example by Crabtree et al. in U.S.
Patent Application Publication No. 2013/0019645, entitled
“Organic Liquid Fertilizer and Process of Making,” the
entire contents of which, and particularly details of manure
manipulation and drying/concentration steps are incorpo-
rated by reference in its entirety.

[0043] FIG. 2 illustrates an embodiment of the present
invention in which a concentrated liquid fertilizer from a
poultry waste feedstock is prepared. The process of FIG. 2
begins with poultry manure feedstock 200 being ground into
a standardized material 220. The ground material enters
mixer 240. Other, optional additives 230, such as those
described above, may be added to material 220 in mixer 240.
The output of mixer 240 is passed to granulator 250. Duct
hoods may be placed above the equipment such as feedstock
grinder 220, mixers 240, and reactors that mix the feedstock
with other ingredients, and other machinery such as prillers,
granulators, pelletizers, and machines that alter the shape of
the material. Volatized ammonia is pulled from inside and
around those machines as well as dust (fine particulate
material) generated by these other processes. Duct work
collects ammonia and dust in two or more distinct legs
shown as separate arrows 270 in FIG. 2. A first leg collects
dust from hoods around processing machinery. A separate
leg pulls air from a dust collector, such as a cyclone
positioned just after a dryer such as a dryer drum. The legs
merge and feed a venturi scrubber 280 that preferably has on
its opposite side a fan that creates a suitable air pull.
[0044] Heater 260 drives off water vapor, ammonia vapor
and solid particulate material 270, which are collected via air
ducts and moved to the input of scrubber 280. Meanwhile,
heated and dried fertilizer 265 is collected and bagged. The
collected fines and ammonia 270 become wetted within
scrubber 280 and are diluted, preferably, to 3% or less solids
with added water 290. In a preferred embodiment, the
nitrogen concentration of the nitrogen-rich liquid from
scrubber 280 is from about 0.3% to 0.75% by weight,
preferably from about 0.4% to about 0.6% by weight.

[0045] Nitrogen-rich liquid from scrubber 280 preferably
is concentrated by a centrifuge, filtered by a screen filter,
ultrafilter or other device 295 and then processed by an
evaporator 297. Achieving the desired concentration of
nitrogen from the scrubber can be implemented by a variety
of techniques, but preferably a solids removal step to remove
at least 50% of the non-dissolved material, preferably at
least 75% and more preferably at least 90% of the non-
dissolved material precedes the evaporation step 297. By
removing the non-dissolved solids according to this proce-
dure, a nitrogen-enriched liquid produced from scrubber 280
having a nitrogen content of from 0.5-3% by weight can be
transformed successfully into a liquid fertilizer composition
having a minimum nitrogen concentration of 6% by weight.
In this process, the nitrogen-enriched liquid from scrubber
280 is passed through a screen filtration step 295 in which
the desired amount of non-dissolved solids is removed.

[0046] Without wishing to be bound by any one theory for
operation of the claimed invention, it is believed that a large
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proportion (at least 25%, preferably 25-75%) of the ammo-
niacal nitrogen binds to carbonaceous material obtained
from the fines, and subsequently wets in the venturi scrubber
and that this product can be concentrated to unusually high
levels into a liquid that can be used as a fertilizer product.
[0047] This solids nitrogen-rich liquid output may be
temporarily stored in a holding tank (not shown) and/or
directly passed to concentrator 295 wherein solids are
removed, and then passed to evaporator 297, to give a final
nitrogen concentration of preferably approximately 6% or
more.

[0048] According to one embodiment of the present inven-
tion, the liquid fertilizer product comprises from about 2.5%
to about 3.5% by weight sulfur. Preferably, the sulfur present
is derived from the animal waste and can be useful for
binding up ammonia in a form that allows its use as a
high-nitrogen liquid fertilizer. About half of the nitrogen
present in the fertilizer (preferably 25%-75%, more prefer-
ably 35%-65%) is in the form of ammonium ions. Preferably
the ammonium is in a stable form, without sulfate, but has
a stability similar to that of ammonium sulfate. For example,
the at least half of the nitrogen in a fertilizer embodiment of
the present invention can replace ammonium sulfate for
agricultural use as fertilizer. In a particular embodiment, the
ammonium product upon application to soil as a fertilizer
dissolves at least 10% as fast as ammonium sulfate in moist
soils of pH 7.

[0049] The product is similar to ammonium sulfate in
effects, as described for example in The Fertilizer Encyclo-
pedia p. 52 By Vasant Gowariker, V. N. Krishnamurthy,
Sudha Gowariker, Manik Dhanorkar, Kalyani Paranj ape
John Wiley & Sons Apr. 8, 2009. This reference describes
how ammonium nitrogen from ammonium sulfate “is
adsorbed on soil colloids, clay and humus, replacing cal-
cium. It is more beneficial than nitrate fertilizers at planting
time. This adsorbed portion is slowly released and in about
a month most of the ammonium sulfate is converted into the
nitrate form, which is used by growing plants.” The term
“slowly releases nitrogen upon application to soil” in this
context means that at least half of the nitrogen remains in a
form unavailable to the plant after application to the soil as
a liquid fertilizer. In an embodiment the carbonaceous
ammonium product is adsorbed on soil colloids, clay and
humus, replacing calcium at least 50% as well as ammonium
from ammonium sulfate. In an embodiment the liquid fer-
tilizer ammonium as described herein can replace ammo-
nium sulfate as a fertilizer in providing nitrogen to a plant
and is at least 50% as efficacious in doing so. More prefer-
ably at least five days is required for release and conversion
of half of the nitrogen into a form suitable for plant uptake.
Preferably less than 10% is released as ammonia to the air.
[0050] Nitrogen in ammonium ion form preferably com-
prises more than 4%, more preferably from about 4% to
about 10%, more preferably from about 4% to about 6%, and
most preferably about 6% nitrogen by weight of the liquid
fertilizer. In a particular embodiment, however, the liquid
emerging from the scrubber is concentrated to a final nitro-
gen content of up to 6%, 10%, 12%, 15% and even 16% by
weight.

[0051] In certain embodiments, the liquid fertilizer con-
tains dissolved solids. In such embodiments, the liquid
fertilizer contains from about 40,000 ppm to about 750,000
ppm dissolved solids, from about 100,000 ppm to about
700,000 ppm dissolved solids, from about 200,000 ppm to
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690,000 ppm dissolved solids, or from about 300,000 ppm
to about 680,000 ppm dissolved solids. It is generally
preferred that these embodiments of the present invention of
the liquid fertilizer contain at least 40,000 ppm of dissolved
solids.

[0052] However, alternate embodiments of the liquid fer-
tilizer comprise little to no suspended solids. In these
embodiments, the liquid fertilizer comprises from O ppm to
about 20,000 ppm suspended solids, more preferably less
than 15,000 ppm, more preferably less than 13,000 ppm and
most preferably less than 12,000 ppm, more preferably less
than 10,000 ppm, still more preferably less than 5,000 ppm,
and still more preferably less than 3,000 ppm. In a preferred
embodiment the liquid fertilizer has no suspended solids.
[0053] In certain embodiments, the liquid fertilizer com-
prises from about 0.001% to about 0.5%, preferably from
about 0.01% to about 0.25%, most preferably from about
0.05% to about 0.1% by weight of a nitrogen-carbonaceous
material complex, wherein the carbonaceous material is
derived from the animal waste, such as the manure dust
generated during the heating of the animal manure described
above. However, it is also within the scope of the present
invention for the carbonaceous material to be any other
carbonaceous material described herein, namely various
plant wastes, that has been added to any process stream in
order to assist with recovery of ammonia.

[0054] In certain embodiments, the liquid fertilizer may
contain potash. The potash preferably is soluble potash. The
potash preferably is present in an amount from about 1% to
10% by weight, most preferably about 5% by weight. Sulfur
may be present in the liquid fertilizer. Sulfur preferably is
present in the liquid fertilizer in an amount between 1 and
5% by weight.

[0055] The liquid fertilizer preferably has a pH of between
pH 3 to pH 8, more preferably from about pH 5 to pH 7, and
most preferably about pH 6.5. The fertilizer preferably lacks
pathogens. In a preferred embodiment, if the fertilizer is
inoculated with pathogens or come to be otherwise contami-
nated with pathogens, such pathogens die within 24 hours of
addition to the fertilizer.

[0056] Additionally, the fertilizer may be registered by the
United States Department of Agriculture (“USDA”) as
“USDA organic” pursuant to the National Organic Program,
which specifies materials that are allowed in fertilizer (see
www.ams.usda.gov/ nop section 205.605). In a preferred
embodiment, the high nitrogen liquid fertilizer is eligible as
a USDA Organic Registered Input for use in Certified
Organic Production. Fertilizer manufactured as described
herein was found to have a high of N,5 to N,, ratio,
indicating that the nitrogen is of biological origin. In an
embodiment more than 5% of the nitrogen is of the N-15
isotope. Preferably more than 10% of the nitrogen is of the
N-15 isotope and more preferably at least 15% of the
nitrogen is of the N-15 isotope. In certain embodiments, the
liquid fertilizer comprises less than 1%, less than 0.1%, less
than 0.01% by weight, or is essentially free of solubilized
ammoniacal nitrogen derived from urea.

[0057] “Organic” or “Organically derived,” refers to a
natural source of starting material for the fertilizer. A final
organic fertilizer product as described herein is made from
feedstock that comprises one or more of plant and animal
bi-products, rock powders, seaweed, inoculants, condition-
ers, dairy product waste, livestock manure, liquid manure,
worm castings, peat, guano, compost, blood meal, bone
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meal, fish meal, decomposing crop residue, cheese whey,
dairy product waste, livestock manure, mixed liquor from
food and livestock processing facilities, waste waters from
a variety of food processing operations, and combinations
thereof.

[0058] “Ammonium nitrogen” or “ammoniacal nitrogen”
refers to nitrogen that is provided to the plant in a water-
soluble form, where the ammonium nitrogen includes
ammonium ion and/or ammonia. The ammonium nitrogen is
readily plant available. In an embodiment most of the
nitrogen is converted into nitrate form before plant uptake.
In an embodiment the nitrogen carbonaceous complex
described herein formed between the carbonaceous particu-
late material and the sorbed ammonium nitrogen is superior
than ammonium sulphate for uptake as can be measured by
root uptake studies. In an embodiment fertilizer as described
herein are superior by virtue of supplying not only nitrogen
source but also carbon in a form suitable for use by soil
microbes.

[0059] “Suspended solids,” are particles that do not pass
through a 270 Dalton membrane under 500 psi of pressure
at room temperature. “Dissolved solids,” are particles that
are smaller than the suspended solids, or particles that will
pass through a 270 Dalton membrane under 500 psi of
pressure at room temperature.

EXAMPLES

[0060] The following examples set forth exemplary pro-
cesses for producing liquid ammonia fertilizers according to
the present invention. It is to be understood, however, that
these examples are provided by way of illustration and
nothing therein should be taken as a limitation upon the
overall scope of the invention.

Example 1—2% Nitrogen Fertilizer

[0061] In this example raw poultry manure from layer
hens is used that lacks litter, arsenic and growth hormones
that other manures contain. The raw product is supplied for
processing daily, to ensure feedstock consistency.

[0062] During the initial stage of processing, poultry
manure optionally supplemented with fish, is added as the
raw feedstock. The feedstock is physically transformed into
a standardized material through the use of a grinder. A
representative grinder and details for embodiments of
manure feedstock manipulation are described in U.S. Pat.
Nos. 8,246,711, and 8,425,648, and U.S. Patent Application
Publication No. 2018/0086675, the contents of which are
incorporated by reference in their entireties. The grinder
creates a more uniform material and reduces particle size. In
the grinding step, preferably, volcanic ash is added at a level
of up to 5% by weight based upon the gross feedstock
weight.

[0063] After all ingredients are mixed, they are conveyed
into a granulator. After granulation, the product is introduced
to a heating/drying process. The heating/drying process
destroys pathogens and completes the transformation
through an addition of 15 million BTU/hour of thermal
energy. Energy is applied through a controlled propane
burner into a rotating drum dryer. This allows the product to
reach 185° F. for 35 minutes, reducing the moisture content
to below 10%, exceeding NOP standards of 165° F. and a
maximum moisture level of 12%.
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[0064] Dried fines from the drying process exit the dryer
in a heated air stream at 185° F. and are then saturated with
55° F. water within a static blending system (venturi scrub-
ber) at 200 gpm. The heated air stream is recirculated in the
venturi scrubber until the particulates become suspended
within the water and the nitrogen (present as ammonia in the
heated air stream) becomes solubilized and/or bound to the
dissolved solids in the form of NH,. It was surprisingly
found that carbonaceous fines added from the drying process
allow binding of released ammonia without addition of acid
such as citrate.

[0065] As a quality control measure, the solids content of
the water stream in the venture scrubber are not permitted to
exceed 3%. This ensures that the liquid product discharged
from the venture scrubber will maintain an analysis of
greater than 2% nitrogen concentration. The flow rate of
solution from the venturi scrubber is approximately 3 gal-
lons per minute (preferably 1-5 and more preferably 2-4)
and the temperature of the solution is approximately 125° F.
(preferably 90-200° F. and more preferably 115 to 135° F.).
[0066] A solution containing the 2% nitrogen concentra-
tion that was prepared according to this example was
submitted to the Washington State Department of Agricul-
ture. This sample received a Material Registration Certifi-
cate and is listed to comply with the USDA National Organic
Standards (7 CFR Part 205).

Example 2—6% Nitrogen Fertilizer

[0067] The 2-0-0 liquid fertilizer prepared according to
Example 1 was pumped into an insulated tank. The material
was then fed into a centrifuge at the rate of approximately 3
gallons per minute in order to remove suspended particulate
matter. The particulate matter was pumped back to the
beginning of the granulation process and recycled to the
animal waste feedstock. The liquid solution exiting the
centrifuge at about 3 gallons per minute was fed into a
vacuum evaporator operating at 0.15 bar and 127° F. As the
2-0-0 solution was heated, water was evaporated from the
solution while the nitrogen remained in the solution.
Approximately 66% of the water in the 2-0-0 solution was
removed in the vacuum evaporator. Water vapor collected
from the evaporator was then passed through a cooling
tower and condensed. This condensate was treated by
reverse osmosis (RO) to remove any remaining nitrogen
(RO concentrate), which was added to the final liquid
fertilizer product from the vacuum evaporator. The RO
permeate flow from the RO equipment is clean water that is
then used in the venturi scrubber process. The output from
the vacuum evaporator is a 6-0-0 liquid fertilizer product.
[0068] While certain embodiments have been described,
these embodiments have been presented by way of example
only and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

We claim:

1. A method of processing manure comprising water and
ammonia into a liquid fertilizer composition comprising the
steps of:
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heating the manure to vaporize at least a portion of the

water and ammonia contained therein;

contacting the vaporized water and ammonia with fine

carbonaceous particles and a liquid water stream and
dispersing the ammonia and carbonaceous particles
within the liquid water stream to form a nitrogen-rich
liquid; and

removing water from the nitrogen-rich liquid to form the

liquid fertilizer composition.

2. The method of claim 1, wherein the method further
comprises the step of removing at least a portion of the
carbonaceous particles from the nitrogen-rich liquid.

3. The method of claim 2, wherein the step of removing
at least a portion of the carbonaceous particles from the
nitrogen-rich liquid comprises one or more centrifugation or
filtration steps.

4. The method of claim 3, wherein the portion of the
carbonaceous particles removed from the nitrogen-rich lig-
uid are recombined with the manure.

5. The method of claim 2, wherein the step of removing
at least a portion of the carbonaceous particles comprises
forming a liquid fertilizer composition that comprises less
than 15,000 ppm of suspended solids.

6. The method of claim 1, wherein the step of heating the
manure comprises heating the manure to a temperature from
about 100° F. to about 450° F.

7. The method of claim 1, wherein the heating step is
carried out using a rotating drum dryer.

8. The method of claim 1, wherein the water vapor,
vaporized ammonia, and carbonaceous particles from the
heating step are conducted away from the manure and
directed toward a scrubber in which the contacting step is
performed.

9. The method of claim 8, wherein the scrubber is a
venturi scrubber.

10. The method of claim 1, wherein the step of removing
water from the nitrogen-rich liquid comprises concentrating
the nitrogen-rich liquid to a total nitrogen concentration of
about 4% to about 16% by weight.

11. The method of claim 1, wherein the moisture content
of the manure is decreased during the heating step from
above 25% to below 10% by weight.

12. The method of claim 1, wherein at least a portion of
the ammonia is caused to become sorbed onto the carbona-
ceous particles.

13. The method of claim 1, wherein the carbonaceous
particles are introduced into the liquid water stream and/or
the vaporized ammonia and water from the heating step.

14. The method of claim 13, wherein the carbonaceous
particles are selected from the group consisting of animal
waste fines obtained from an animal waste to solid fertilizer
manufacturing process, vegetable waste fines obtained from
a vegetable processing process, mechanically disrupted sea-
weed, and citrus waste fines obtained from a citrus process-
ing process.

15. A method of making a liquid fertilizer comprising:

providing granules of a ground animal waste comprising

water and ammonia;

heating the granules by passing over the granules a heated

air stream having a temperature of from about 100° F.
to about 450° F., the heating step vaporizing at least a
portion of the water and ammonia contained within the
granules and generating animal waste dust particles, the
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heating step reducing the moisture content of the gran-
ules to below 10% by weight;
directing the heated air stream containing the water vapor,
ammonia vapor, and dust particles to a wet scrubber;

contacting the heated air stream, within the wet scrubber,
with a liquid water stream and dispersing the ammonia
and dust particles within the liquid water stream to
form a nitrogen-rich liquid;

removing at least a portion of the dust particles from the

nitrogen-rich liquid so as to achieve a suspended solids
concentration within the nitrogen-rich liquid of less
than 15,000 ppm; and

removing water from the nitrogen-rich liquid to form the

liquid fertilizer.

16. The method of claim 15, wherein the ground animal
waste comprised poultry manure.

17. The method of claim 15, wherein the heating step is
carried out using a rotating drum dryer.

18. The method of claim 15, wherein the portion of the
dust particles removed from the nitrogen-rich liquid are
recombined with the ground animal waste.

19. The method of claim 15, wherein the step of removing
water from the nitrogen-rich liquid comprises concentrating
the nitrogen-rich liquid to a total nitrogen concentration of
about 4% to about 16% by weight.
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20. The method of claim 15, wherein the step of removing
at least a portion of the dust particles from the nitrogen-rich
liquid comprises one or more centrifugation or filtration
steps.

21. An aqueous liquid fertilizer having a pH of from 5 to
7 comprising at least 3% by weight solubilized nitrogen
derived from animal waste, the solubilized nitrogen being in
the form of ammonium ions, wherein at least 5% of the
nitrogen contained in the fertilizer is of the N-15 isotope.

22. The aqueous liquid fertilizer of claim 21, wherein the
fertilizer comprises from about 0.001% to about 0.5% by
weight of a nitrogen-carbonaceous material complex,
wherein the carbonaceous material is derived from the
animal waste.

23. The aqueous liquid fertilizer of claim 21, wherein the
fertilizer does not comprise solubilized nitrogen derived
from urea.

24. The aqueous liquid fertilizer of claim 21, wherein the
fertilizer has a sulfur content of about 1% to about 5% by
weight.

25. The aqueous liquid fertilizer of claim 21, wherein the
fertilizer comprises less than 20,000 ppm of suspended
solids.
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