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INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING

FIELD OF THE INVENTION

The present invention relates to an integrated system for organic
matter recycling. More particularly, it discloses a system that
reproduces the natural carbon cycle and provides the production of
benefits and/or by-products at each stage of the system, with the
recycling of the by-products generated in the previous stages of the
system.

PRIOR ART

Organic matter is defined biologically as matter with animal or
vegetable origin, and geologically as composts of organic origin found
above the surface of the soil.

Recycling is the term generally used to designate the re-use of
materials as raw materials for new products.

The management of wastes, especially their organic component,
is becoming a question each time more concern due to the
conventional treatment (disposal to landfills) , that do not utilise the
organic matter and discharge methane to the atmosphere (a gas that
contributes to the greenhouse effect) and the lack of use of its
potential to be transformed into by-products of economic interest.

Currently, organic matter is being utilised in the generation of
biogas, a type of gaseous mixture of carbon dioxide (CO,) an methane
(CHy4), produced naturally in anaerobic environment by the action of
microorganisms in organic matter, that is fermented in between
determined limits of temperature, humidity and acidity.

However, biogas generating plants, like traditional thermal power
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stations, emit large quantities of CO, to the atmosphere, bringing up
questions about global warming.

During the period of at least 10,000 years before the industrial
revolution, the concentration of CO, in the atmosphere was maintained
constant between 260 and 280 particles per million (ppm). However,
since 1850, due to the industrialization, the concentration of CO, in the
atmosphere began to increase progressively, and since 2003, the
concentration of CO, has been increasing at a rate above 2 ppm per
year, achieving a total of 390 ppm in 2010.

Many technical solutions aim to solve this problem, completing
the carbon cycle through the utilisation of bio-reactors, containing
algae that recycle the CO,, transforming it in biomass or hydrocarbons
(generally combustible), through the process of photosynthesis.

However, these solutions are limited by having as objective only
reducing the emission of pollutants in the production of energy,
ignoring the immense recycling potential and other benefits offered by
the carbon cycle.

Other technical solutions emphasize the recycling and accomplish
carbon sequestration or treatment of organic wastes; however, they do
not use the carbon cycle.

Prior art describes some of these solutions, such as the
document US2009/003828, that provides for the production of fuels
from algae using the carbon cycle, including bio-reactor, anaerobic
digester and a catalyst to convert syngas into liquid fuels, being the
carbon dioxide produced by the anaerobic digester transferred directly
to the bio-reactor, closing the cycle.

The document DE102007007131 describes a biogas power plant
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coupled to a bio-reactor containing algae.

The documents US6477841B1 and GB2254858 describe the use
of recycled residue of the combustion of fuel to the raise algae.

The document US2008/0166265 describes a plant that generates
syngas from sewer and other wastes using a plasma converter. The
gas is oxidised to generate energy and the wastes are recycled in the
bio-reactor and processed by the plasma converted, closing the cycle.

The document US2008/0166790 describes the production of
energy and fuels using the carbon cycle through a bio-reactor, a
plasma converter and heat engine.

The document US2010/000699 describes processes of
sequestering carbon emitted in several processes, using a bio-reactor
and anaerobic digester, in a non-cyclical process.

The document US2008/0050800 describes a non-cyclic process
of energy production from agricultural wastes as raw material.

However, prior art do not describes nor suggest a system that
reproduces the natural carbon cycle and provides the production of
benefits pr by-products at each stage of the system, adapted to many
applications, with the recycling of by-products from precious stages of
the system, this integrated system for organic matter recycling is
described and claimed in the present application.

SUMMARY

The invention describes an integrated system for organic matter
recycling that uses 4 processes in a system that reproduces the
carbon’s natural cycle — decomposition, combustion, cooling and
synthesis.

The invention provides an integrated system for organic matter
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recycling with potential use in the treatment of organic wastes, power
generation, carbon sequestration, production of biofuels, fertilizers,
oxygen and biomass, soil improvement, heating, water desalination
and sewage treatment.

The invention provides an integrated system for organic matter
recycling that promotes flexibility, efficiency and self-sufficiency,
because the residues of each stage can be used as raw materials in
other stages or be used as by-products.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 presents a simplified schematic diagram of the
integrated system for organic matter recycling, making evident the
inter-relationship between the organic matter decomposition unit
(100), the combustion unit (200), the cooling unit (300), and the
synthesis unit (400).

Figure 2 presents schematic representations of possible
configurations for the organic matter decomposition unit (100), where
the figure 2A presents a simple configuration, including only the
anaerobic digester (110) and reservoirs for biogas (111) and digestate
(112); figure 2B presents a simple configuration, including only the
pyrolisis chamber (140); figure 2C presents a configuration that
combines anaerobic digester (110), a composting chamber (130) and
a pyrolisis chamber (140); figure 2D presents a pyrolisis chamber
(140) including bio-oil (152) condensing system (350); figure 2E
presents the plasma converter (160).

Figure 3 presents schematic representation of possible
configurations for the combustion unit (200), being figure 3A the

simplest possible configuration, including only the combustion
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chamber (210); figure 3B presents a combustion chamber (210)
integrated to a pyrolisis chamber (140), where both chambers are
involved in thermal insulation (220); figure 3C is similar to 3B but
including a turbine to use the energy (312) from the pressure of the
syngas (161) generated in the pyrolisis chamber (140); figure 3D is a
variation of figure 3C, adding a condenser (350) to separate bio-oil
(152) and an equipment (146) to grind and store the biomass from
cellulosic origin (145) before that it is directed to the pyrolisis chamber
(140); and figure 3E presents a internal combustion engine (230) type
Otto, Atkinson, or similar, coupled to a electric generator (320) and a
battery (330).

Figure 4 presents schematic representations of possible
configurations for the cooling unit (300), being figure 4A the simplest
possible configuration, including only the heat engine (310),
representing a Stirling engine or thermoelectric generator, among
others; figure 4B presents a heat engine (310) similar to Rankine
cycle, where a refrigerant travels through a closed cycled, being
vaporized (361) and condensed (360) at each cycle; figure 4C is
similar to the previous figure, with the addition of an electric generator
(320) and a battery (330); figure 4D is a variation of figure 4B where
the refrigerant is comprised by saline water (342), where in this case
the refrigerant is constantly replenished in order to desalinate the
largest possible quantity of saline water (342); and figure 4E is a
variation of figure 4D, where are present a electric generator (320) and
a battery (330).

Figure & presents schematic representations of possible

configurations for the synthesis unit (400), being figure 5A the simplest
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possible configuration for the synthesis unit (400), including only the
photobioreactor (410); figure 5B presents a system that includes the
photobioreactor (410), turbine (311) to use the energy of the pressure
of the oxygen (O,) (414) and other gases produced, and system for
separating and processing hydrocarbons (430), and figure 5C
presents a system where the photosynthesis medium is comprised by
a greenhouse (440).

Figure 6 presents a schematic diagram of the integrated system
for organic matter recycling, evidencing the most complete and
preferred form of the invention, with double lines representing material
transport ducts between different components.

DETAILED DESCRIPTION OF THE INVENTION

The integrated organic matter recycling system that reproduces
the natural carbon cycle and provides the production of benefits and/or
by-products at each stage of the system, object of the present
invention, comprehends a organic matter decomposition unit (100), a
combustion unit (200), a cooling unit (300) and a synthesis unit (400).

The decomposition unit (100) comprehends an anaerobic digester
(110) with a culture of acidogenic and acetogenic bacteria and
methanogenic microorganisms.

Organic residue (106) are deposited into the anaerobic digester
(110), said residue (106) are selected among algae deriving from the
synthesis unit (400), biomass (404), manure or organic wastes.

The microorganisms present in the digester (110) digest the
organic residue, producing biogas (114) and digestate (115). The
digestate can be used as fertilizer (132).

The anaerobic digester (110) has a reservoir (111) in the superior
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portion to store biogas (114) and a second reservoir (112) at opposite
to the feeding point to store digestate (115)

Preferably, the contents of the anaerobic digester (110) must
contain termophile microorganisms and be maintained at a
temperature between 50°C and 52°C, with heat source (203) received
from the combustion unit (200).

Preferably, the organic matter (106) is disposed into the digester
(110) through a grinder pump (120).

Optionally, part of the digestate (115) if supplied to a composting
chamber (130) containing worms of the species Eisenia foetida,
Eisenia Andrei, Eisenia hortensis, Enchytraeus buchholzi or
Pontoscolex corethrurus, among others.

The composting chamber (130) can also receive biomass (404) to
the production of humus (130) and liquid fertilizer (132).

Optionally, a pyrolisis chamber (140) containing biomass (404),
preferably biomass of cellulosic origin (145), is heated to a
temperature between 450°C to 550°C, generating biochar (143) and
syngas (161).

Preferably, the heat source (203) is received from the combustion
unit (200).

Preferably, the biomass from cellulosic origin (145) passes
through a grinding and storage device (146) before being sent to the
pyrolisis chamber (140).

Preferably, the biochar (143) is cooled with refrigerant (304)
received from the cooling unit (300) and pulverized in a pulveriser
(142). The pulverized biochar (144) is supplied to the composting

chamber (130), in order to produce terra preta, a compost with
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excellent fertilizing qualities and great capacity to recover infertile
soils.

The syngas (161) generated by the pyrolisis chamber (140) is
collected and directed to the combustion chamber (210) in order to
contribute with the burning process.

Preferably, a condenser (350) is placed in between the pyrolisis
chamber (140) gas exhaust and the combustion chamber (210) in
order to condense bio-oil (152), stored in a recipient (151). Preferably,
the condenser (350) is cooled by refrigerant (304) of the cooling unit
(300). Preferably, the condenser (350) must maintain a minimum
temperature above 100°C in order to avoid condensing water.

Optionally, the anaerobic digester (110) can be replaced or work
in parallel with a chamber containing organic wastes (106) and a
plasma converter (160) that will convert organic matter (106) into
syngas (161) and a small proportion (approximately 20% in weight, or
5% in volume) of inorganic by-products, known as slag (162), that has
many applications, such as construction material (bricks, gravel, sand,
concrete additive, thermal insulation), depending on the way it is
processed. |

Preferably, turbines (311) are placed in the gas exhaust of each of
the different decomposition systems (110, 140, 160) in order to
capture the gas’ pressure energy.

The gases (114, 161) generated in the decomposition unit (100)
are used to feed the combustion unit (200).

The combustion unit (200) has a combustion chamber (210) with
heat source (203) feed by fuel (231) and oxygen (414).

Preferably, the fuel (231) us comprised by the gases (114, 161)
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generated in the decomposition unit (100).

Preferably, the combustion unit (200) includes a valve (116) in the
gas inlet that regulates the quantities of gas coming from the different
decomposition systems (110, 140, 160) that will be directed to the
combustion unit (210 and the excess that will be directed to a reservoir
or external gas distribution system.

Preferably, the combustion chamber (210) includes an ignition
system (212) fed by the electricity (321) generated in the cooling unit
(300).

The combustion chamber (210) produces heated exhaust gases
(215) comprised by nitrogen, water vapour and carbon dioxide.

Preferably, the combustion unit (200) and other points of the
system that receive heat (203) of the combustion unit (200) are
separated from the external environment by thermally insulating
material (220) in order to avoid unnecessary heat losses.

Preferably, check valve (214) or a compressor is placed in the
oxygen inlet (414) in order to avoid the gas leaks.

The cooling unit (300) comprehends a heat engine (310) like
Stirling engines, steam engines, thermoelectric generators, among
others, with heat source (203) comprised by the heated exhaust gas
(215) received from the combustion unit (200) and cold sink comprised
by refrigerant (304).

If a steam engine of the Rankine type is used as heat engine
(310), a boiler or evaporator (344) transfers the thermal energy stored
in the exhaust gas (215) to the refrigerant (304), heated said
refrigerant (304) progressively to a temperature above its boiling point

(345) , at the same time that the exhaust gas is progressively cooled
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(348). The refrigerant (304), that initially was in liquid phase (360),
becomes gas (361), that passes through a turbine (311), generating
mechanic energy (312). The refrigerant in gaseous phase (361) then
passes through a condenser (350), having its temperature reduced
and consequently reverting to the liquid phase (360).

Preferably, the refrigerant substance (304) is comprised by cold
saline water (342). Before entering into the system, the cold saline
water (342) must be free of solids and impurities, being stored in a
specific tank (341). In the heat engine (310), the water is heated (351),
distilled (349) and stored in a specific reservoir (347), and the salt
(353) is stored in another specific reservoir (343).

If a thermoelectric generator is used as heat engine (310), the
temperature difference between the heat source (203) and the cold
sink (304) will be converted directly in electricity (321). In other cases,
said temperature difference will be converted by the heat engine (310)
in mechanic energy (312). An electric generator (320) converts the
said mechanic energy (312) in electricity (321).

The electricity (321) generated in the system is stored in a battery
(330). The battery (330) can be connected to the public electric energy
supply (331) both to provide energy (when the system is producing
excess energy) and to receive energy (when the system needs
external energy).

After passing through the heat engine (310), the temperature of
the cooled exhaust gas (348) is close to the external environment’s
temperature.

Preferably, a collecting device (354) recover the condensed

liquids (355), preventing these liquids from impairing the proper
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functioning of the system.

Optionally, the combustion unit (200) and the cooling unit (300)
can be replaced by an internal combustion engine (230) using the
cycles Otto, Atkinson or similar, coupled to an electric generator (320)
and a radiator or equivalent for the cooling operation.

The synthesis unit (400) comprehends a photobioreactor (410) or
any other natural photosynthesis environment, exposed to a light
source (412), preferably sunlight, and fed with carbon dioxide, water,
fertilizers (132) and nutrients (105) as needed, to produce biomass
(404) and emit of oxygen (414).

Optionally, artificial lighting can be supplied for continuing
functioning during night time.

Preferably, in the oxygen exhaust (414) is placed a turbine (311)
that converts the difference in the gas pressure between the external
and internal environment in mechanical energy (312).

It is preferred that the water, fertilizer (132) and nutrients (105) be
sterilized before being added to the photobioreactor (410).

It is preferred that the fertilizer (132) be pumped to the
photobioreactor (410) by a grinder pump (120).

The carbon dioxide added to the photobioreactor (410) is part of
the exhaust gas (348) produced by the combustion chamber (210),
and cooled by the heat engine (310).

The photobioreactor (410) has photosynthetic organisms (431),
such as macro algae, microalgae, cyanobacteria, among others. The
organisms (431) produced in the photobioreactor (410) are collected
and separated from the aqueous environment. It is preferred that the

hydrocarbons (434) present in the composition of the organisms (431)
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are separated, refined and transesterified in processing equipment
(430) and later stored in reservoirs (432). The remaining biomass
(404) can be recycled in the anaerobic digester (110).

Optionally, the photobioreactor (410) can work in parallel or be
replaced by a greenhouse (440) for the production of hydrocarbons
(434) and biomass (404) through the cultivation of plants.

In the form described in this document, the system generates
products such as humus (131), fertilizer, biochar (143), biogas (114),
syngas (161), mechanical energy (312), electricity (321), heating
(203), salt (353), desalinated water (349), oxygen (414), biomass
(404) and hydrocarbons (434).

Most of the by-products generated during the process can be
reused in the system, such as organic residue (106), electricity (321),
fuels (231), nutrients (105), water and oxygen (414).
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CLAIMS:
1. INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING

characterised for comprehending:

a)

b)

An organic matter decomposition unit (100) that comprehends
an anaerobic digester (110) with a culture of acidogenic and
acetogenic bacteria and methanogenic microorganisms for the
production of biogas (114) and digestate (115), said anaerobic
digester (110) includes a reservoir (111) in the upper portion
for the storage of biogas (114) and a second reservoir
opposite to the feeding point to store digestate (115);

A combustion unit (200) that presents a combustion chamber
(210) with heat source (203) fed by fuel (231) and oxygen
(414);

A cooling unit (300) that comprehends a heat engine (310)
with heat source (203) comprised by heated exhaust gas
(215) received from the combustion unit (200) and cold sink
comprised by refrigerant substance (304);

A synthesis unit (400) that comprehends a photobioreactor
(410) or any other natural photosynthesis environment,
exposed to a light source (412) and fed with carbon dioxide,
water, fertilizers (132) and nutrients (105) as needed, to

produce biomass (404) and releasing oxygen (414).

2. INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,

according to claim 1, characterized by the fact that the organic

residue (106) deposited into the anaerobic digester (110) being

preferably selected among algae provided by the synthesis unit

(400), biomass (404), manure or organic waste.
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INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that preferably, the
anaerobic digester (110) contains termophile microorganisms and
be maintained at a temperature between 50°C e 52°C, with heat
source (203) received from the combustion unit (200).
INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that the organic
matter (106) is deposited in the digester (110) through a grinder
pump (120).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that optionally,
part of the digestate (115) is supplied to a composting chamber
(130) containing worms of the species Eisenia foetida, Eisenia
Andrei, Eisenia hortensis, Enchytraeus buchholzi ou Pontoscolex
corethrurus, among others.

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 5, characterized by the fact that the
composting chamber (130) receive biomass (404) to produce
humus (131) and liquid fertilizer (132).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 5, characterized by the fact that the
composting chamber (130) receive pulverized biochar to produce
terra preta.

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that the organic
matter decomposition unit (100) optionally presents a pyrolisis

chamber (140) containing biomass (404) heated to a temperature
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14.
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between 450°C to 550°C to produce biochar (143) and syngas
(161) directed to the combustion chamber (210).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 8, characterized by the fact that preferably a
condenser (350) is located between the pyrolisis chamber’s (140)
gas exhaust and the combustion chamber (210) to condense bio-
oil (152) that is stored in a reservoir (151).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 8, characterized by the fact that preferably
biomass from cellulosic origin (145) is used.

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 8, characterized by the fact that the cellulosic
biomass passes through a equipment for grinding and storage
(146) before being supplied to the pyrolisis chamber (140).
INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that the anaerobic
digester (110) optionally be replaced or work in parallel with a
chamber containing organic wastes (106) and a plasma converter
(160) to convert the organic matter (106) in syngas (161) and slag
(162).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that preferably the
fuel (231) of the combustion chamber (210) be comprised by
gases (114, 161) produced in the decomposition unit (100).
INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that the heat

engine (310) is a steam engine of Rankine type with a boiler or
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evaporator (344) that transfers the heat energy stored in the
exhaust gas (215) to the refrigerant substance (304), heating said
refrigerant substance (304) progressively up to a temperature
above its boiling point (345), at the same time that the exhaust
gas is progressively cooled (348), with the refrigerant substance
(304) that was initially in liquid phase (360) becoming gas (361),
that passes through a turbine (311), generating mechanical
energy (312), and the refrigerant substance in gas phase (361)
passing through a condenser (350), having its temperature
reduced and returning to the liquid phase (360), presenting a
electric generator (320) that converts said mechanic energy (312)
in electricity (321).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that preferably, the
refrigerant substance (304) is comprised by cool saline water
(342) previously stored in specific tank (341), and in the heat
engine (310) said saline water is heated (351), distilled (349) and
stored in specific reservoir (347), being the salt (353) stored in
another specific reservoir (343).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that the heat
engine (310) is a thermoelectric generator where the temperature
difference between the heat source (203) and the cold sink (304)
is converted directly in electricity (321) stored in a battery (330).
INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that optionally, the

combustion unit (200) and the cooling unit (300) are replaced by a
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system comprised by internal combustion engine (230) using
Otto, Atkinson or similar cycle, coupled to a electric generator
(320), with a radiator or equivalent for the cooling function.
INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that the
photobioreactor (410) photosynthetic organisms (431), with the
hydrocarbons (434) present in the composition of said organisms
being separated, refined and transesterified in processing
equipment (430) and later stored in reservoirs (432) and the
remaining biomass (404) being recycled in the anaerobic digester
(110).

INTEGRATED SYSTEM FOR ORGANIC MATTER RECYCLING,
according to claim 1, characterized by the fact that optionally,
the photobioreactor (410) works in parallel or be replaced by a
greenhouse (440) to produce hydrocarbons (434) and biomass

through the cultivation of plants.
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