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SYSTEM AND METHOD FOR MANUFACTURING A FERTILIZER FROM
ANIMAL MANURE

{ross-Reference to Related Application

{0001} This application claims the benefit of United States Provisional Patent
Application Serial No. 62/579,952, filed on November 1, 2017, which is incorporated

herein in ifs entirety.

Technical Field

{0002} The present invention relates generally to a sysiem and method for
manufactuning a fertilizer using animal manure. More particularly, the invention refers to a
method comprising the addition of hydroxides and/or oxides to the manure causing a
chemical reaction which produces a thermal shock that reduces or eliminates bad smell and
environmental passives within the manure, and in which water vapor liberated by the
chemical reaction can be hquefied and mixed with the manure to provide a more hiqud

resulting product.

orowrng Art

[0003] Soil degradation is as old as agnculture itself, and its impact on human food
production and the environment is becoming more severe than ever because of its extent
and mtensity. Soil impoverishment, as well as growing demand for food, is increasing the
use of fertilizers. For example, world fertilizer demand was 184.6 million tons in 2014 and
demand 15 expected to reach 200.2 nullion fons by 2019 [Heffer P., Prudhomme M.,
Fertilizer Outlook 2015-2019; 83" Imternational Fertilizer Industry Association (IFA)

Annual Conference Summary Report; 20151

[0004] For many vears, the main puwrpose of fertilizers has been to provide nutrients to
increase or maintain the productivity of a crop. However, fertilizers that are poorly used

can become a source of soil, water and air pollution due to nitrate leaching into soil water,
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emission of greenhouse gases {nitrous oxides), soil contamination with heavy metals and
aquatic eutrophication. To illustrate, half of the fertilizers applied, depending on the
application method and the soil condition, are lost to the environment; this not only causes

serious environmental damage but also results in economic losses.

[0005] Furthermore, methods of manufacturing fertilizer products may wiilize and/or
generate contaminants which cause environmental damage and/or are costly to process. For
example, the greal majority of conventional fertilizers used in agriculiure have been
obtamned from non-renewable sources, which make these conventional fertilizers
increasingly scarce, leading to future exploitation difficulties and impacting on their added

value.

{0006} Accordingly, there is an established need for a fertihzer that solves or

contributes to solve at least one of the aforementioned problems.

Summary of the Invention

{0007} The present invention is directed to a system and method for manufactunng
organic and organonuneral fertilizer from animal maoure such as, but not himited to,
poultry, pork and beef manure. In accordance with the invention, hydroxides and/or oxides
are added to the manure causing a chemical reaction which produces a thermal shock that
reduces or eliminales foul-smelling gases and mertizes seeds, bacteria, viruses, nematodes,
profozoa, fungi and/or other environmental passive present in the manure. Water vapor
liberated by the chemical reaction can be liguefied and mixed with the manure to provide a
more liquid resulting product. In some embodiments, macro and micronutrients may be
added to the manure. The full process can be carried out efficiently {e.g., taking less than

one hour to fully process the manure) and cost-effectively.

[0008] In a first implementation of the invention, a method for manufacturing a
fertilizer from animal manure comprises the steps of obtaining animal manure and
ehminating bad odors and/or at least one environmental passive within the animal manure
by adding at least one hvdroxide and/or oxide to the amimal manure thereby causing a

chemical reaction between the animal manure and the at least one hvdroxide and/or oxide

p)
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which increases the temperature of the animal manure. In some embodiments, the
hydroxides can be selected from the group consisting of potassium hvdroxide {(KOH),
calcium hydroxide (Ca(OH):), magnesium hyvdroxide (Mg{OH)), copper(Il) hydroxide
(Cu(OH)2), aluminum hvdroxide (AKOH):), iron(Il) hvdroxide (Fe(OH)) and sodium
hydroxide (NaOH). In some embodiments, the oxides can be selected from the group
consisiing of potassium oxide (Ko0), calcium oxide (CaQ), magnesium oxide (Mg0),
copper(ll) oxide (CuQ), aluminum oxide (ALO3), ron(ll) oxide (Fe:03) and sodium oxide

{Na:0}.

{0009} In a second aspect, the step of adding at least one hydroxide and/or oxide to the
animal manure 1S carried out in 3 reactor. The method can further include a step of
removing the anmimal manure from the reactor once the animal manure has reached a peak
temperature resulting from the chemical reaction between the animal ranure and the at

least one hyvdroxide and/or oxide.

{0010} In ancther aspect, the method can further include a step of condensing water

vapor generated by the chemical reaction to obtain hiquid water.

{0011} In another aspect, the method can further include a step of adding the hquid

water 1o the animal manure.

[0012] In another aspect, the method can further include a step of condensing gaseous

ammonia generated by the chemical reaction to obtain liguefied ammonia,
{0013} In another aspect, the liquefied ammonia can be used to manufacture wrea.

{0014} In another aspect, the method can further comprise a step of adding the

hiquefied ammoenia to the animal manure,

[0015] In another aspect, the method can further include a step of milling the animal

Manure.

(0016} In another aspect, the method can further include a step of screening the animal

Manure.
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{0017} In yet another aspect, the method can further inciude a step of adding at least
one macronutrient to the animal mamuwe. The at least one macronutrient can include N, P,

K, 8, Ca, Mg or a combination thereof,

{0018} In anocther aspect, the method can further include a step of adding at least one
micronutrient to the arumal manure. The at least one micronutrient can include Cu, Fe, B,

Mn, Mo, Si, Zn or a combination thereof

{0019] In another implementation of the invention, a svstem for manufacturing a
fertilizer from animal manore cornprises animal manure, at least one hydroxide and/or
oxide, and a reactor. The reactor is configured to receive the animal manure and the at least
one hydroxide and/or oxide, and to allow for the formation of a mixture thereof. In some
embodiments, the hydroxides can be selected from the group consisting of potassium
hydroxide (KOH), calcium hydroxide {Ca(OH):), magnesium hydroxide (Mg(OH»3,
copper(i) hydroxide (Cu(OH)). aluminum hydroxide (AI{OH}YR), iron(il) hvdroxide
(Fe(OH)2) and sodium hydroxide (Na(OH} In some embodiments, the oxides can be
selected from the group consisting of potassium oxide (Ku0), calcium oxide (Ca0),
magoesium oxide (MgO), copper(ll) oxide (Cu0), alununum oxide (A1), iron{lil) oxide
(Fe:(Os) and sodium oxide (Na:() The reacior is also configured to further allow a
chemical reaction to take place between the animal manure and the at least one hydroxide
and/or oxide, the chemical reaction causing bad odors and/or at least one environmental
passive to be reduced or elinunated within the amimal manure due to an increase in the
temperature of the mixture produced by the chemical reaction. The reactor is further

configured to altow for the delivery of the mixture, which 1s used to prepare a fertilizer,

{0020} In a second aspeci, the system can further include a heat exchanger configured

to condense water vapor and/or gaseous ammonia resulting from the chemical reaction.

{0021} In another aspect, the heat exchanger can be in fluid cornomunication with the
reactor and configured fo transfer condensed water or ammonia generated by the heat

exchanger to the reactor.

10022} In another aspect, the heat exchanger can be configured {o receive cold water as

a cooling agent for condensing the water vapor and/or gaseous ammonia,

4
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{0023} I another aspect, the system can further include one or more mills configured

to mull the animal manure.

{0024} In another aspect, the system can include one or more screens configured to

screen the animal manure.

[0025] In vet another aspect, the systern can further include a tank configured to
receive the animal manure and add at least one macronutrient to the animal manure. The at

least one macronuinent can include N, P, K, §, {a, Mg or combinations thereof,

{0026} In vet another aspect, the sysiem can further include a tank configured {o
receive the animal manure and add at least one mucronuirient o the animal manure, The at

least one micronuinient can include Cu, Fe, B, Mn, Mo, Si, #n or combinations thereof

{0027} These and other objects, features, and advantages of the present invention will
become more readily apparent from the attached drawings and the detailed description of

the preferred embodiments, which follow.

Brief Description of the Dirawings

{0028} The preferred embodiments of the invention will hereinafter be described in
conjunction with the appended drawings provided fo illustrate and not to limit the

invention, where like designations denote hike elements, and in which

0029} FIG. | presents a block diagram of a manure~-processing system in accordance

with an illusirative embodiment of the invention;

[0030] FIG. 2 presents a flowchart showing a method in accordance with an itHustrative

embodiment of the invention; and

{0031} FIG. 3 presents a graph showing the effect on {emperature increase resulting
from mixing chicken manure with KOH at different concentrations and during variable

amounts of time.
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{0032} Like reference numerals refer to like parts throughout the several views of the

drawings.

Descrintion of Embeodiments

{0033} The following detailed description 15 merely exemplary in nature and is not
intended to limit the described embodiments or the application and uses of the described
embodiments. As used herein, the word “exemplary” or “illustralive” means “serving as an
example, mstance, or lustration.” Any implementation described herein as “exemplary™
or “illustrative” is not necessarily o be construed as preferred or advantageous over other
implementations. Al of the implementations described below  are  exemplary
implementations provided to enable persons skilled mn the art to make or use the
embodiments of the disclosure and are not intended to limit the scope of the disclosure,
which is defined by the claims. For purposes of description herein, the terms “upper”,
“lower”, “left”, “rear”, “right”, “front”, “vertical”, “horizontal”, and derivatives thereof
shall relate to the invention as oriented in FIG. 1. Furthermore, there is no tntention to be
bound by any expressed or implied theory presented in the preceding technical field,
background, brief summary or the following detailed description. It is also to be
understood that the specific devices and processes illusirated in the attached drawings, and
described in the following specification, are simply exemplary embodiments of the
inventive concepts defined m the appended claims. Hence, specific dimensions and other
physical charactenistics relating to the embodiments disclosed herein are not to be

considered as limiting, unless the claims expressly state otherwise.

{0034} Shown throughout the figures, the present invention is directed toward a system
and method of manufacturing a fertilizer using animal manure. More particularly, as will
be described hersinalier, the invention refers to a system and method in which hydroxides
and/or oxides are added to the manure causing a chemical reaction which produces a
thermal shock that reduces or eliminates bad smell and environmental passives within the
manure, and in which water vapor liberated by the chemical reaction can be liquefied and

then remixed with the manure to provide a more hquid resulting product.
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{0035] Referring mitially to FIGS. 1 and 2, a svstem 100 and method 200 for
manufacturing fertitizers from animal mamwe are presented, respectively, showing
iHustrative embodiments of the invention. The system 100 of FIG. 1 is represenied by a
series of blocks lustrating compounents and/or matenals comprised and utilized 1o the
svstem. The method 200 of FIG. 2 ts presented by a series of steps carried out during the
method. The systems 100 and method 200 of FIGS. 1 and 2 will be joinily described

heremnafter.

[0036] As shown in FIG 2, the method 200 begins at step 202, At step 204, a raw
material or animal manure is received. Schematically depicted in FIG. 1, the raw material
102 can include, for instance and without limutation, pouliry, pork or beef manure. This
raw material 102 will generally have the consistency of a hummd, relativelv thick and
viscose mud, and can be received by a convevor belt, road transportation, railway
transportation or any other applicable means of transportation (not shown i the figures).
As indicated by step 206 (FIG. 2), a sample of the raw material 102 can be extracted and

sent to a laboratory 104 (FIG. 1) for analvsis.

[0037] As shown in FIG. 1, the system can further include a first, posifive
displacement pump 106 and a reactor 108. For instance and without limitation, the reactor
108 can have a capacity of 20 m®. With aid of the first, positive displacement pump 106,
the raw material 102 is sent to the reactor 108, As shown in FIG. 1 and also indicated by
step 208 in FIG. 2, one or more hvdroxides and/or oxides 110 are added to the raw material
102, The hvdroxides can be selected from the group consisting of potassium hydroxide
(KOH), calcium hydroxide {Ca(OH):), magnesium hydroxide (Mg(OH}), copper(I)
hvdroxide (Cu(OHY), aluminum hvdroxide (AKOH)), iron(I) hydroxide (Fe(OH)) and
sodium hydroxide (NaOH). In tum, the oxides can be selected from the group consisting of
potassium oxide (K3}, caicium oxide (Ca(), magnesium oxide (MgQ}, copper(il) oxide
(CuQ), alumanum oxide (ALOs, wonddll} oxide (FeyOs) and sodium oxide (NaxO).
Addition of hvdroxide(s) and/or oxide(s} 110 to the raw material 102 causes the hydration
and dissociation of the alkali in an agueous medium provided by the raw material 102, Said
hydration and dissociation produce an instant release of heat, or thermal shock, which
begins immediately after contact between the water in the raw material 102 and the
hyvdroxide(s) and/or oxides{s) 110. Eventuallv, the temperature of the mixture of raw

7
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material 102 and hydroxide(s} and/or oxides(s) 110 reaches a peak value and then
decreases slowly. The temperature variation from room temperature experienced by said

mixiure can range from 10 1o 110°C, for instance and without limitation, depending on the

dosage or amount of hvdroxides and/or oxides 110 added to the raw maternial 102

[0038] Preferably, the amount of hvdroxides and/or oxides 110 added to the raw
material 102 is dependent on the weight of the raw material 102. In order to determine the
amount or weight of hvdroxides and/or oxides 100 to be added, in some embodiments, the
raw material 102 can be weighed n the reactor 108 (for instance by a load cell comprised
in the reactor 108) and the amount or weight of hydroxides and/or oxides 110 to be added
may be determined as a result of the weighed amount of raw material 102 m the reactor
108. In other embodiments, predetermined arnounts or weights of raw material 102 may be
inserted nto the reactor 108 and predetermined corresponding amounts or weights of
hydroxides and/or oxides 110 may be added to the raw material 102 in the reactor 108
accordingly. Preferably, the mixture of raw material 102 with at least one hvdroxide and/or
oxide 110 mncludes 1 to 90% in weight of raw matenial 102, and more preferably, 30 to

70% in weight of raw material 102,

{0039} The aforementioned thermal shock resulting from adding at least one hydroxide
and/or oxide 110 to the manure or raw material 102 promotes the neutralization of organic
acids in the manure, and the wertization of bacteria and enzymes that decompose the
proteins present in the manure. As a consequence, bad smell and envirommental passive
(such as, but not limited to seeds, bacteria. viruses, nematodes, protozoa and fungi) are

reduced, and preferably eliminated, from the raw material 102,

{0040} A further consequence of the aforementioned chemical reactions between the
raw material 102 and the at least one hydroxide and/or oxide 100 1s the liberation of heat,
gaseous ammonia (NH3) and water vapor. In some embodiments of the invention, the
gaseous ammonia and/or water vapor can be utilized in gaseous form for other or external
purposes which are not relevant {o the present invention. In other embodiments, such as the
present embodiment, the gaseous ammomia and/or water vapor can be condensed for
further use; for this pwrpose, the system 100 can include a heat exchanger 112. The heat

exchanger 112 can be arranged adjacent to the reactor 108, for mstance and without
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himitation. Cold water 114, such as at a temperature of 10°C, can be fed to the heat

exchanger 112 1o serve as a cooling agent.

{0041} As shown in FIG. 1 and indicated m FIG. 2 by step 210, the gaseous ammonia
liberated by the chemical reactions between the raw matenial 102 and the at least one
hydroxide and/or oxide 100 within the reactor 108 can be fed to the heat exchanger 112 as
indicated in FIG. 1 by arrow 108a, and can be cooled and liquefied in the heat exchanger
112 In some emnbodiments, Hguefied anvvonia (NHAOH) delivered by the heal exchanger
112 as a resull of the heat exchange between the cold waler 114 and the gaseous ammonia
may be discarded or used for further procedures {as mdicated schematically by outgoing
arroww 113a shown in broken linesy such as, bui not limited to, mamufacturing wrea
Alternatively or additionally, as ndicated by arrow 113b i FIG 1 and step 212 10 FIG. 2,
hiquefied anwoonia oblained in the heat exchanger 112 may be returned fo the reactor 108
and remixed under agitation with the substances within the reactor 108, Incorporating
hguefied amimonta inio the max within the reactor 108 mereases the percentage of nitrogen
in the mix cordamed nsude the reactor 108 {(and thus o the final fertilizer product oblained
by the invention} and thus enhances the abiity of the final fertilizer product to promote

plant erowth and stabilization.

10042} As further shown it FIG. T and indicated in FIG. 2 by step 214, altematively or
additionally to doing so with gaseous amwoonia, waler vapor liberaied by the chemucal
reactions between the raw material 102 and the at least one hydroxide and/or oxide 100
within the reactor 10% can be fed to the heat exchanger 112 as indicated in FIG. 1 by arrow
108a, and can be cooled and hquefied in the heat exchanger 112, In some embodiments,
Hagud water delivered by the heat exchanger 112 as a result of the beat exchange between
the cold water 114 and the water vapor may be used for further procedures or discarded, as
indicated schematically by cuigoing arrow 113a shown in broken lines. Alternatively or
additionally, as indicated by arrow 113b tn FIG 1 and siep 216 in FIG. 2, said hquid water
obtained 1 the heat exchanger 112 may be retumed to the reactor 108 and renixed under
agitation with the substances within the reactor 108, contribuiing 1o reduce the thickness or

viscosity of the matenial in the reactor 108.
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{0043} In summary, by means of the thermal shock of step 208, bad smell and
environmental passive are reduced or eliminated. Also, by means of the heat exchangs
stepe 210, 212, 214, 216, aromoma and/or water obtained from the manure as a result of
the thermal shock can advamtageously reutilized within the manure. Specifically, by
reutilizing the ammonia as indicated in steps 210 and 212, the percentage of nitrogen in the
wmuxture can be efficiently inereased. In tumn, by rentilizing water as ndicated m steps 214
and 216, the nuxture viscosily can be reduced. The resulting rowiure delivered by the
reactor to further steps of the method is a fess viscose mud with little or no bad odors and

tittle or no environmental passive.

{0044} After the hydration process of the hvdroxides and/or oxides in the medium of
the manure, soon after the temperature of the medium within the reactor 108 reaches its
1sothermal peak, the alkalized manure or raw material 108 is then pumped to one or more
mills 118 by a second, positive displacement pump 116, for instance and without
limitation. In the one or more mills 118, the product is mulled as indicated by step 218 of

FiQG. 2, producing a nulled product.

[0045] As indicated in FIG. 2 by step 220, the mulled product is then screened so that
smaller particles are used in the remaining steps of the method, while larger particles are
optionally sent back to the mulling step 218 for further muiling, thus increasing the milling
effictency. In some embodiments, such as the present embodiment, screening can be
carried out in more than one phase. For example, in the present embodiment, the mulled
product 15 sent to a first vibrating screen 120, which may have a granulometry of, for
nstance, 100 mesh. As mentioned, larger, non-filtered particles are sent back to the one or
maore muills 118 and milling step 218 for further nulling. Smaller particles which are filtered
by the first vibrating screen 120, in tum, are sent to a second vibrating screen 122 having a
smaller mesh size (larger granulometry) than the first vibrating screen 120; for instance
and without limitation, the second vibrating screen 122 may have a granulometry of 200
mesh. As a result of the screening process or step 220 of the present embodiment, the size
of the largest particle comprised in the nuxture is less than 100 micrometers. Particles
rejected by the second vibrating screen 122 for being larger than the 200-mesh opening
size of the second vibrating screen 122 can be transferred to a separate processing 124 and
used for manufacturing different final versions of the fertilizer product. For instance and

10
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without limitation, the separate processing 124 can include a granulation process forming

targer grains or granules, such as having a size of 1 to 4 millimeters.

{0046} With the aid of a third or centrifugal pump 126, the screened product resulting
from the screening step 220 (FIG. 2) can be fed to a first tank 130, 1o which at least one
macronutrient 132 and/or at least one micronutrient 134 can be added to the screened
product, as also indicated in FIG. 2 by step 222, The at leasi one macronuirient 132 can
nclude N, P, K, §, Ca, Mg or combinations thereof. The at least one micronuirient 134 can
include Cu, Fe, B, Mn, Mo, 81, Zn or combinations thereof. Addition of one or more macro
and/or micronutrients completes the fertilizer for replenishment and soil balance and
nutrition of the most varied crops. For example, addition of nitrogen enhances the ability of
the final fertilizer product to assist in the most important physiological processes that occur
in plants, namely: photosvnthesis, respiration, root development and activity, 1onic
absorption of other nutrients, growth, cell differentiation and genetics. Addition of
phosphorus, in tum, aims 1o enhance the metabolism of plants, playing an important role in
the transfer of energy (ATP) from the cells and formation of branches and roots. Addition
of potassium promotes the growth of plant vegetative tissues, which are constituted of
meristematic cells and found in zones of plant growth. In addition, potassium plays an
important role in maintaining the amount of water 1n plants, due to its action on stomatal
opening and closure, thus reducing water losses, especially under water stress conditions.
Since macro and micronutrients comprise more than 30% of organic material, they highly
contribute to the advantages of mineral fertilization and the benefits of organic
fertilization, promoting equilibrium in the system relation soil x plant. In summary,
addition of macro and/or micronuirients improves soif fertility by acting to increase the
exchange capacity (nuirient retention) of the soil, acting as a reservoir of nitrogen,
phosphorus and potassium. Said addition also resulis in an increase in the microbiological
activity in the sotl due to its high concentration of organic matter, and increases efficiency

in the recovery of degraded areas bv erosion.

[0047] With the aid of a fourth, centrifugal pump 136, the product is then transferred to
a second fank 138 where the product remains in quarantine while samples of the product
are provided to a laboratory 140. Laboratory tests are carried out in the laboratory 140, as
indicated by step 226 in FIG. 2. to ensure the quality of the product.

11
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{0048} I a final step 228 shown in FIG. 2, the product is packaged or prepared for
storage or shipment. For instance, as shown in FIG. 1, by means of a fifth, centrifugal
pump 142, the product can be forwarded to a packaging sysiem 144 m which amounts of
the product 1s packaged in containers or packs of 5, 20, 50 and/or 1000 liters, for instance
and withowt limitation. Altematively or additionally, amounts of the product can be
forwarded to a bulk management system 146 which ships the product in bulk amounts such
as by road or railroad transportation. The product 1s ready to be used in any technological
method of application in agriculture, including drip trrigation, sprinkling, micro sprinkling,

drenching in the ground, drenching in the lap of the plant.

{0049} The process of the present invention therefore transforms an environmental
hiability (manure) mnto a fertilizer, aiming to improve soul fertility by increasing the cation
exchange capacity {nuinient retention), acting as a reservoir of nitrogen, phosphorus and
potasstum. The invention provides a fertilizer which promotes increased microbiological
activity in the soil, due o s high concentration of organic maller, and consequently
increases the capacity of moisture retention, permeability, porosity and stabilization of soil
aggregates. Furthermore, the invention saves non-renewable resources and reduces soil,

water and air pollution by recycling organic waste (manure).

10050} Alternative embodiments are contemplated to those described heretofore. For
instance, the maximum particle size may vary, 1.e. milling and grinding may be configured
1o obtain a maximum particle size other than 100 mucrometers, such as, but not limited 1o,
130 micrometers, 5 micrometers or 1 micrometer. In some embodiments, the screened
particles tollowing step 220 can be further refined in colloidal mills with grinding balls,

until the condition of 100% below | micrometer, 1.e. nanoparticles, 1s achieved.

[0051] Example |

[0052] The chart below shows the composition and characteristics of a fertilizer which
has been manufactured using an illustrative implementation of the method of manufacture

of the present invention.

Klement or Feature Amount
N 4. R89%

12
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Total P (P20 {3.90%
K0 10.49%
Ca {3 84%
Mg 0.11%

5 0.060%
Fe $.32%
Mn (4.79%
Zn 0.010%
B $.0046%
Mo 0.003%
Humidity 65°C 68.33%
Humidity 110°C 69.61%
Organic Material 37.34%
Ash 62.66%
TOC (Total Organic Carbon) 0.0%
Density 1.200 g/mL
Saline Index 30.93%
pH 14.00
Solids 30.38%
Heavy Metale in Final Preduct

As 0.05 mg/kg
Cd 0.2 mg/kg
Pb 0.5 mg/kg
Cr 0.4 mg/kg
Hg <0.2 mg/kg
Ni 0.8 mg/kg
Se <01 mg/kg

[0053] Example 2

[0054] The illustration of FIG. 3 shows the effect on temperature mcrease in the
reactor 108 resulting from adding different concentrations of KOH to a chicken manure
raw maierial 102 during step 208 and allowing chemical reactions to take place during

variagble periods of time.

{0055} In summary, the invention allows to transform an environmental hability
{animal manure} into an organomineral, pathogen-free fertilizer which can be used in

conventional and organic agriculture, the invention thus saving non-renewable resources

13
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and reducing soil, water and air pollution through the recvcling of organic waste. The
fertilizer can be used or apply in different modalities such as, but not imited to, mutrition,
foliar sprays and drench application. The mmvention can provide a final product which 1s a
complete fertilizer which favors soil phvsical conditions, such as formation and
stabilization of aggregates. The final product contains amino acids, and can also contain
macro and/or micronutrients such as N, P, K, Mg, Mn, B and Zn, for instance and without
lirmtation. The fertilizer product can be manufactured at reasonable cost and constitute an
affordable product to farmers. The product may be easily stored, such as in boxes, bottles,
bags, etc. Furthermore, the invention can contribute to expand the poultry or other animal
farming activity by allowing for a correct allocation of wasie generated by the activity (this
waste or environmental hiability constitutes the main source of raw material for the

production process and system of the invention).

{0056} Since many modifications, varations, and changes in detail can be made io the
described preferred embodiments of the invention, it 1s intended that all matters in the
foregomg description and shown in the accompanving drawings he interpreted as
illustrative and not in a limiling sense Furthermore, it 1S understood that any of the
features presented in the embodiments may be integrated into any of the other
embodiments unless explicitly stated otherwise. The scope of the mvention should be

determined by the appended claims and their legal equivalents.

14



WO 2019/089934 PCT/US2018/058720

What is claimed is;

I. A method for manufacturing a fertilizer from amimal manure, comprising the steps

of:
obtaining animal manure; and

eliminating bad odors and/or at least one environmental passive within the animal
manure by adding af least one hydroxide and/or oxide to the animal manure and thereby
causing a chemical reaction between the animal manure and the at least one hyvdroxide

and/or oxide which mcreases the teroperature of the amimal manure.

2. The method of claim 1, wherein the at least one hydroxide and/or oxide comprises
at least one of potassium hydroxide (KOH), calcium hydrovide (Ca(OH)2), magnesium
hydroxide (Mg(OH)2), copper(il) hydroxide (Co{OH),), aluminum hydroxide {A{OH)s),
wron{I) hydroxide (Fe{OH)z) and sodium hydroxide (NaOH).

3. The method of claim i, wherein the at least one hvdroxide and/or oxide comprises
at least one of potassium oxide (K:0), calcium oxide {(€CaQ), magnesium oxide (Mg(),
copper(ll) oxide (CuQ), aluminum oxide (ALO3), ron(ll) oxide (Fe:03) and sodium oxide

(Na:0).

4, The method of claim 1, wherein adding at least one hydroxide and/or oxide to the
animal manure is carried out in a reactor, and further wherein the method additionally
comprises a step of removing the animal manure from the reactor once the animal manure
has reached a peak temperature resulting from the chemical reaction between the animal

manure and the at least one hydroxide and/or oxide.

5. The method of claim 1, firther comprising a step of condensing water vapor

generated by the chemical reaction to oblain hquid water.

15
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6. The method of claim 5, further comprising a step of adding the Hguid water to the

animal manure.

7. The method of claim 1, further comprising a step of condensing gaseous ammonia

generated by the chemical reaction o obiain liquefied ammonia.

8. The method of claim 7, further comprising a step of manufacturing urea using the

liquefied ammonia.

9. The method of claim 7, further comprising a step of adding the liquefied ammonia

1o the animal manure.

0. The method of claim 1, further comprising a step of milling the animal manure.
il The method of claim 1, further comprising a slep of screening the antmal manure.
12. The method of claim 1, further comprising a step of adding at least one

macronuirient 1o the anirmal manure.

13 The method of claim 1, wherein the at least one macronutrient comprises N, P, K,

S, Ca, Mg or a combination thereof,

14. The method of claim 1, further comprising a step of adding at least one

micronuitrient 1o the animal manure.

15. The at least one micronuirient comprises Cu, Fe, B, Mn, Mo, 81, 7Zn or a

combination thereof

16
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16. A method for manufacturing a fertilizer from animal manure, comprising the steps

of:
obtaining animal manure;

elimimating bad odors and/or at least one environmental passive within the animal
manure by adding at least one hydroxide and/or oxide to the animal manure in a reactor
and thereby causing a chemical reaction in the reactor between the animal manure and the
at least one hydroxide and/or oxide which increases the temperature of the animal mamure;

and

rernoving the animal manure from the reactor once the animal manure has reached
a peak temperature resulting from the chenucal reaction between the animal manure and

the at least one hvdroxide and/or oxide.

J—
~d

A system for manufacturing a fertilizer from arumal manure, comprising:
ammal manurs;
at teast one hydroxide and/or oxide; and

a reactor, configured to receive the animal manure and the at least one hydroxide
and/or oxide, to allow for the formation of a muxture thersof, and to further allow bad
odors and/or at least one environmental passive 1o be reduced or eliminated within the
animal manure caused by an increase in the temperature of the mixture produced, 0 tum,
by a chemical reaction between the animal manure and the at least one hydroxide and/or

oxide, and to further allow for the delivery of the mix{ure.

18, The system of claim 17, further comprising a heat exchanger configured to

condense water vapor and/or gaseous ammonia resulting from the chemical reaction.
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19 The system of claim 18, wherein the heat exchanger is in fluid communication with
the reactor and is configured to transfer condensed water or ammonia generated by the heat

exchanger to the reactor.

20. The system of claim 18, wherein the heat exchanger is configured to receive cold

water as a cooling agent for condensing the walter vapor and/or gaseous ammonia,

2% The system of claim 17, further comprising one or more mills configured to null

the animal manure.

22, The system of claim 17, further comprising one or more screens configured to

screen the animal manure.

23 The system of claim 17, further comprising a tank configured to receive the amimal

manure and add at least one macronutrient {o the animal manure,

24, The system of claim 23, wherein the at least one macronutrient comprises N, P, K,

S8, Ca, Mg or a combination thergof.

25. The system of claim 17, further comprising a tank configured to receive the amimal

manure and add at least one micronuirient to the animal manure.

26. The system of claim 25, wherein the at least one micronuirient comprises Cu, Fe,

B, Mn, Mo, Si, Zn or a combination thereof.
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