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Description

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

[0001] Not Applicable.

BACKGROUND OF THE INVENTION

Technical Field

[0002] The present disclosure relates generally to the
production of biofuels. More specifically, the disclosure
relates to a high shear process for culturing algae.

Background of the Invention

[0003] Petroleum reserve depletion, economic, and
environmental pressures have influenced and reduced
the production and refining of petroleum derived liquid
fuels. As a result, increasing interest and investment into
renewable sources of liquid hydrocarbons has acceler-
ated. However, dependency on crop-derived biofuels is
limited by growing season, harvesting, and limited crop
viability. Further, the reliance on food-crops for biofuels
represents a supply-side strain on worldwide foodstuffs,
from grains to livestock, food-crop implementation faces
increased hurdles to economic, long-term, viability as a
source for liquid fuel replacement.
[0004] Algae do not face the same hurdles to viability
for biofuels applications as crops, as they may be cultured
and harvested year-round on relatively small land areas.
Further, many algae have been discovered to produces
significant quantities of upgradeable hydrocarbons, such
as lipids. However, as water-living, carbon-fixing organ-
isms, the development and storage of these hydrocar-
bons is limited by the diffusion of carbonaceous gases,
such as carbon dioxide, through water. Alternate growth
media, gas bubblers, and fluid beds implemented cur-
rently have not resulted in increased hydrocarbon pro-
duction, as the diffusion of gases through the algae media
limits carbon available for fixation, growth, and storage.
[0005] During harvesting, the quantity of hydrocarbons
available for refining does not reach the theoretical yield
calculated for a given the algae density. As the harvest-
ing, lysing, and separation steps in conventional proc-
esses are slow, on the scale of seconds and minutes,
the hydrocarbon/lipids exposed to free radicals, digestive
enzymes, and other intracellular biological compounds
rapidly degrade. Biological degradation represents an
additional hurdle to efficient conversion of algal biomass
to upgradeable hydrocarbons. As such, industrial scale
algal biofuels represent an equally inefficient resource.

SUMMARY OF THE INVENTION

[0006] A first aspect of the present invention provides
a method for alga-culture, the method comprising: form-

ing an emulsion comprising gas bubbles with a mean
diameter of less than about 5 mm and which remain dis-
persed in the emulsion for at least 15 minutes at atmos-
pheric pressure, the emulsion being formed by mixing a
carbon dioxide-containing a gaseous stream and a media
utilizing a high shear device comprising at least one
toothed rotor, at least one stator, and being configured
to generate a shear rate greater than 20,000 s-1; intro-
ducing the emulsion into a bioreactor; and introducing an
algae into the bioreactor for culturing the algae culture.
[0007] A second aspect of the present invention pro-
vides a system for culturing algae in liquid hydrocarbon
production comprising: a liquid media stream, having nu-
trients for algae; a gaseous carbon dioxide stream; a buff-
er stream to prevent the degradation of hydrocarbons; a
bioreactor configured for aquaculture of algae; a sepa-
rator; and at least one high shear device configured to
generate a shear rate greater than 20,000 s-1 and having
at least one toothed rotor and at least one stator, wherein
the at least one high shear device is in fluid communica-
tion with the liquid media stream, the gaseous stream,
the buffer stream, the bioreactor, and the separator,
wherein the at least one high shear device is fluidly con-
nected to the liquid media stream, the gaseous stream,
and the bioreactor, and wherein the at least one high
shear device is configured for producing a dispersion of
the gaseous stream into the media stream and directing
the dispersion to the bioreactor.
[0008] These and other embodiments, features, and
advantages will be apparent in the following detailed de-
scription and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more detailed description of the preferred
embodiment of the present invention, reference will now
be made to the accompanying drawings, wherein:

Figure 1 is a cross-sectional diagram of a high shear
device for the processing of algae;
Figure 2 is a process flow diagram according to an
embodiment of the present disclosure for high shear
algae processing.
Figure 3 is a process flow diagram according to an
alternate embodiment of the present disclosure for
high shear algae processing.

DETAILED DESCRIPTION

[0010] Overview: The present disclosure provides a
system and method for algae production, harvesting, and
processing with at least one high shear device. Algae are
diverse group of photosynthetic organisms that typically
grow in bodies of water as unicellular or multicellular
forms. As aquatic or marine organisms, algae acquire
the carbon dioxide necessary for photosynthesis by
Brownian motion and diffusion. Further, certain species
of algae fix carbon derived from carbon dioxide to pro-
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duce and store fatty oils, carbohydrates, proteins,
polysaccharides, and other compounds, hereinafter hy-
drocarbons. The acquisition of carbon dioxide, hereinaf-
ter CO2, from water represents a limiting step in growth
rate and storage of these compounds. As certain algae
are potentially useable in liquid fuel production, the up-
take and fixation of carbon is a limiting step in preparing
alga-derived biofuels.
[0011] Further, after growth in the culture the algae are
harvested, lysed, and the desired hydrocarbons are sep-
arated from other biological molecules. The process of
lysing the algae exposes the hydrocarbons to intracellu-
lar compounds, enzymes, and free radicals that degrade
the hydrocarbon chains. These intracellular compounds
reduce the hydrocarbon yields. Conventionally, buffers
and chelators for these intracellular compounds are lim-
ited in their protection of the hydrocarbons by the rates
of diffusion and Brownian motion. The limits of buffers
for chelating these compounds represent a product lim-
itation for the harvesting algae and isolation of hydrocar-
bons for processing into liquid fuels.
[0012] A system and method employ a high shear me-
chanical device to provide rapid contact and mixing of
chemical ingredients in a controlled environment in the
reactor/mixer device. The high shear device reduces the
mass transfer limitations on the reaction and thus in-
creases the overall reaction rate. Chemical reactions and
mixtures involving liquids, gases, and solids rely on the
laws of kinetics that involve time, temperature, and pres-
sure to define the rate of reactions. Where it is desirable
to react two or more raw materials of different phases
(e.g. solid and liquid; liquid and gas; solid, liquid and gas),
one of the limiting factors controlling the rate of reaction
is the contact time of the reactants. In the case of heter-
ogeneously catalyzed reactions, there may be an addi-
tional rate limiting factor, namely, removing the reaction
products from the surface of the catalyst to enable the
catalyst to catalyze further reactants.
[0013] In conventional processes, contact time for the
reactants and/or catalyst may is altered by mixing which
provides contact between two or more reactants involved
in a chemical reaction. A reactor assembly that compris-
es a high shear device makes possible decreased mass
transfer limitations and thereby allows the reaction to
more closely approach kinetic limitations. When reaction
rates are accelerated, residence times may be de-
creased, thereby increasing obtainable throughput and
production. Alternatively, where the current yield is ac-
ceptable, decreasing the required residence time allows
for the use of smaller amounts of reactant, thus improving
the process economics.
[0014] High Shear Device: High shear devices (HSD)
such as high shear mixers and high shear mills, are gen-
erally divided into classes based upon their ability to mix
fluids. Mixing is the process of reducing the size of inho-
mogeneous species or particles within the fluid. One met-
ric for the degree or thoroughness of mixing is the energy
density per unit volume that the mixing device generates

to disrupt the fluid. The classes are distinguished based
on delivered energy density. There are three classes of
industrial mixers having sufficient energy density to con-
sistently produce mixtures or emulsions with particle or
bubble sizes in the range of 0 to 50 mm.
[0015] Homogenization valve systems are typically
classified as high-energy devices. Fluid to be processed
is pumped under very high pressure through a narrow-
gap valve into a lower pressure environment. The pres-
sure gradients across the valve and the resulting turbu-
lence and cavitations act to break-up any particles in the
fluid. These valve systems are most commonly used in
milk homogenization and may yield average particle size
range from about 0.01 mm to about 1 mm. At the other
end of the spectrum are high shear mixer systems clas-
sified as low energy devices. These systems usually
have paddles or fluid rotors that turn at high speed in a
reservoir of fluid to be processed, which in many of the
more common applications is a food product. These sys-
tems are usually used when average particle, globule, or
bubble, sizes of greater than 20 microns are acceptable
in the processed fluid.
[0016] Between low energy - high shear mixers and
homogenization valve systems, in terms of the mixing
energy density delivered to the fluid, are colloid mills,
which are classified as intermediate energy devices. The
typical colloid mill configuration includes a conical or disk
rotor that is separated from a complementary, liquid-
cooled stator by a closely-controlled rotor-stator gap,
which may be in the range of from about 0.025 mm to
10.0 mm. Rotors may preferably be driven by an electric
motor through a direct drive or belt mechanism. Many
colloid mills, with proper adjustment, may achieve aver-
age particle, or bubble, sizes of about 0.01 mm to about
25 mm in the processed fluid. These capabilities render
colloid mills appropriate for a variety of applications in-
cluding colloid and oil/water-based emulsion processing
such as preparation of cosmetics, mayonnaise, sili-
cone/silver amalgam, and roofing-tar mixtures.
[0017] Referring now to Figure 1, there is presented a
schematic diagram of a high shear device 200. High
shear device 200 comprises at least one rotor-stator
combination. The rotor-stator combinations may also be
known as generators 220, 230, 240 or stages without
limitation. The high shear device 200 comprises at least
two generators, and most preferably, the high shear de-
vice comprises at least three generators.
[0018] The first generator 220 comprises rotor 222 and
stator 227. The second generator 230 comprises rotor
223, and stator 228; the third generator comprises rotor
224 and stator 229. For each generator 220, 230, 240
the rotor is rotatably driven by input 250. The generators
220, 230, 240 are configured t0 rotate about axis 260, in
rotational direction 265. Stator 227 is fixably coupled to
the high shear device wall 255.
[0019] The generators include gaps between the rotor
and the stator. The first generator 220 comprises a first
gap 225; the second generator 230 comprises a second
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gap 235; and the third generator 240 comprises a third
gap 245. The gaps 225, 235, 245 are between about
0.025 mm (0.01 in) and 10.0 mm (0.4 in) wide. Alterna-
tively, the process comprises utilization of a high shear
device 200 wherein the gaps 225, 235, 245 are between
about 0.5 mm (0.02 in) and about 2.5 mm (0.1 in). In
certain instances, the gap is maintained at about 1.5 mm
(0.06 in). Alternatively, the gaps 225, 235, 245 are differ-
ent between generators 220, 230, 240. In certain instanc-
es, the gap 225 for the first generator 220 is greater than
about the gap 235 for the second generator 230, which
is greater than about the gap 245 for the third generator
240.
[0020] Additionally, the width of the gaps 225, 235, 245
may comprise a coarse, medium, fine, and super-fine
characterization. Rotors 222, 223, and 224 and stators
227, 228, and 229 have toothed designs. Each generator
may comprise two or more sets of rotor-stator teeth, as
known in the art. Rotors 222, 223, and 224 may comprise
a number of rotor teeth circumferentially spaced about
the circumference of each rotor. In further designs, the
rotors 222, 223, and 224 may comprise multiple concen-
tric rows of rotor teeth. Stators 227, 228, and 229 may
comprise a number of stator teeth circumferentially
spaced about the circumference of each stator. In further
designs, the stators 227, 228, and 229 may comprise
multiple concentric rows of stator teeth.
[0021] In embodiments, the inner diameter of the rotor
is about 11.8 cm. In embodiments, the outer diameter of
the stator is about 15.4 cm. In further embodiments, the
rotor and stator may have an outer diameter of about
60mm for the rotor, and about 64mm for the stator. Al-
ternatively, the rotor and stator may have alternate diam-
eters in order to alter the tip speed and shear pressures.
In certain embodiments, each of three stages is operated
with a super-fine generator, comprising a gap of between
about 0.025mm and about 3mm. When a feed stream
205 including solid particles is to be sent through high
shear device 200, the appropriate gap width is first se-
lected for an appropriate reduction in particle size and
increase in particle surface area. In embodiments, this
is beneficial for increasing catalyst surface area by shear-
ing and dispersing the particles.
[0022] High shear device 200 is fed a reaction mixture
comprising the feed stream 205. Feed stream 205 com-
prises an emulsion of the dispersible phase and the con-
tinuous phase. Emulsion refers to a liquefied mixture that
contains two distinguishable substances (or phases) that
will not readily mix and dissolve together. Most emulsions
have a continuous phase (or matrix), which holds therein
discontinuous droplets, bubbles, and/or particles of the
other phase or substance. Emulsions may be highly vis-
cous, such as slurries or pastes, or may be foams, with
tiny gas bubbles suspended in a liquid. As used herein,
the term "emulsion" encompasses continuous phases
comprising gas bubbles, continuous phases comprising
particles (e.g., solid catalyst), continuous phases com-
prising droplets, or globules, of a fluid that is insoluble in

the continuous phase, and combinations thereof.
[0023] Feed stream 205 may include a particulate solid
catalyst component. Feed stream 205 is pumped through
the generators 220, 230, 240, such that product disper-
sion 210 is formed. In each generator, the rotors 222,
223, 224 rotate at high speed relative to the fixed stators
227, 228, 229. The rotation of the rotors pumps fluid,
such as the feed stream 205, between the outer surface
of the rotor 222 and the inner surface of the stator 227
creating a localized high shear condition. The gaps 225,
235, 245 generate high shear forces that process the
feed stream 205. The high shear forces between the rotor
and stator functions to process the feed stream 205 to
create the product dispersion 210. Each generator 220,
230, 240 of the high shear device 200 has interchange-
able rotor-stator combinations for producing a narrow dis-
tribution of the desired bubble size, if feedstream 205
comprises a gas, or globule size, if feedstream 205 com-
prises a liquid, in the product dispersion 210.
[0024] The product dispersion 210 of gas particles,
globules, or bubbles, in a liquid comprises an emulsion.
In embodiments, the product dispersion 210 may com-
prise a dispersion of a previously immiscible or insoluble
gas, liquid or solid into the continuous phase. The product
dispersion 210 has an average gas particle, globule or
bubble, size less than about 1.5 mm; preferably the glob-
ules are sub-micron in diameter. In certain instances, the
average globule size is in the range from about 1.0 mm
to about 0.1 mm. Alternatively, the average globule size
is less than about 400 nm (0.4 mm) and most preferably
less than about 100 nm (0.1 mm).
[0025] Tip speed is the velocity (m/sec) associated with
the end of one or more revolving elements that is trans-
mitting energy to the reactants. Tip speed, for a rotating
element, is the circumferential distance traveled by the
tip of the rotor per unit of time, and is generally defined
by the equation V (m/sec) = π·D·n, where V is the tip
speed, D is the diameter of the rotor, in meters, and n is
the rotational speed of the rotor, in revolutions per sec-
ond. Tip speed is thus a function of the rotor diameter
and the rotation rate.
[0026] For colloid mills, typical tip speeds are in excess
of 23 m/sec (4500 ft/min) and may exceed 40 m/sec
(7900 ft/min). For the purpose of the present disclosure
the term ’high shear’ refers to mechanical rotor-stator
devices, such as mills or mixers, that are capable of tip
speeds in excess of 5 m/sec (1000 ft/min) and require
an external mechanically driven power device to drive
energy into the stream of products to be reacted. A high
shear device combines high tip speeds with a very small
shear gap to produce significant friction on the material
being processed. Accordingly, a local pressure in the
range of about 1000 MPa (about 145,000 psi) to about
1050 MPa (152,300 psi) and elevated temperatures at
the tip of the shear mixer are produced during operation.
In certain embodiments, the local pressure is at least
about 1034 MPa (about 150,000 psi). The local pressure
further depends on the tip speed, fluid viscosity, and the
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rotor-stator gap during operation.
[0027] An approximation of energy input into the fluid
(kW/l/min) may be made by measuring the motor energy
(kW) and fluid output (l/min). In embodiments, the energy
expenditure of a high shear device is greater than 1000
W/m3. In embodiments, the energy expenditure is in the
range of from about 3000 W/m3 to about 7500 W/m3. The
high shear device 200 combines high tip speeds with a
very small shear gap to produce significant shear on the
material. The amount of shear is typically dependent on
the viscosity of the fluid. The shear rate generated in a
high shear device 200 is greater than 20,000 s-1. In em-
bodiments, the shear rate generated is in the range of
from 20,000 s-1 to 100,000 s-1.
[0028] The high shear device 200 produces a gas
emulsion capable of remaining dispersed at atmospheric
pressure for at least about 15 minutes. For the purpose
of this disclosure, an emulsion of gas particles, globules
or bubbles, in the dispersed phase in product dispersion
210 that are less than 1.5 mm in diameter may comprise
a micro-foam. Not to be limited by a specific theory, it is
known in emulsion chemistry that sub-micron particles,
globules, or bubbles, dispersed in a liquid undergo move-
ment primarily through Brownian motion effects. The
globules in the emulsion of product dispersion 210 cre-
ated by the high shear device 200 may have greater mo-
bility through boundary layers of solid catalyst particles,
thereby facilitating and accelerating the catalytic reaction
through enhanced transport of reactants.
[0029] The rotor is set to rotate at a speed commen-
surate with the diameter of the rotor and the desired tip
speed as described hereinabove. Transport resistance
is reduced by incorporation of high shear device 200 such
that the velocity of the reaction is increased by at least
about 5%. Alternatively, the high shear device 200 com-
prises a high shear colloid mill that serves as an accel-
erated rate reactor. The accelerated rate reactor com-
prises a single stage, dispersing chamber. The acceler-
ated rate reactor comprises a multiple stage inline dis-
perser comprising at least 2 stages.
[0030] Selection of the high shear device 200 is de-
pendent on throughput requirements and desired particle
or bubble size in the outlet dispersion 210. In certain in-
stances, high shear device 200 comprises a Dispax Re-
actor® of IKA® Works, Inc. Wilmington, NC and APV
North America, Inc. Wilmington, MA. Model DR 2000/4,
for example, comprises a belt drive, 4M generator, PTFE
sealing ring, inlet flange 1" sanitary clamp, outlet flange
ª" sanitary clamp, 2HP power, output speed of 7900
rpm, flow capacity (water) approximately 300 l/h to ap-
proximately 700 l/h (depending on generator), a tip speed
of from 9.4 m/s to about 41 m/s (about 1850 ft/min to
about 8070 ft/min). Several alternative models are avail-
able having various inlet/outlet connections, horsepower,
tip speeds, output rpm, and flow rate.
[0031] Without limitation by theory a toothed rotor and
stator combination provides increased reactant exposure
to multiple shear gaps when compared to other shear

devices described herein. Additionally, the reactants are
subjected increasing shear as the reactants move radi-
ally outward between each rotor and stator combination.
The difference in rotational rate accounts for an increas-
ing shear as the reactants are exposed to teeth or rows
of teeth found in each rotor /stator combination.
[0032] Without wishing to be limited to a particular the-
ory, it is believed that the level or degree of high shear
mixing is sufficient to increase rates of mass transfer and
may produce localized non-ideal conditions that enable
reactions to occur that would not otherwise be expected
to occur based on Gibbs free energy predictions. Local-
ized non-ideal conditions are believed to occur within the
high shear device resulting in increased temperatures
and pressures with the most significant increase believed
to be in localized pressures. The increase in pressures
and temperatures within the high shear device are in-
stantaneous and localized and quickly revert to bulk or
average system conditions once exiting the high shear
device. In some cases, the high shear-mixing device in-
duces cavitation of sufficient intensity to dissociate one
or more of the reactants into free radicals, which may
intensify a chemical reaction or allow a reaction to take
place at less stringent conditions than might otherwise
be required. Cavitation may also increase rates of trans-
port processes by producing local turbulence and liquid
microcirculation (acoustic streaming). An overview of the
application of cavitation phenomenon in chemical/phys-
ical processing applications is provided by Gogate et al.,
"Cavitation: A technology on the horizon," Current Sci-
ence 91 (No. 1): 35-46 (2006). The high shear-mixing
device of certain embodiments of the present system and
methods is operated under what are believed to be cav-
itation conditions effective to dissociate the carbon diox-
ide into a nanofoam for the optimization of algal growth.
In certain instances, the conditions are effective for me-
chanically disintegrating the algae for extracting hydro-
carbons. Further, the conditions may be effective for me-
chanically homogenizing the hydrocarbon chains to pro-
duce liquid hydrocarbon products.
[0033] Process and System for Algae Growth and
Processing: Referring to Figure 2, that illustrates an al-
gae processing system (APS) 100. APS 100 comprises
high shear device (HSD) 30, bioreactor 35, lysis reactor
50 and hydrocarbon reactor 60. The APS 100 is config-
ured to optimize the growth and harvesting of algae. The
APS 100 is configured for introducing a media stream,
comprising nutrients, and gases to HSD 30 prior to inoc-
ulation with a selected algal species and introduction to
a bioreactor 35. Further APS 100 is configured to isolate
lipids, oils, and polysaccharides, herein hydrocarbons,
from algae. APS 100 is configurable to comprise a plu-
rality of HSD 30 or similar devices. In certain applications,
the APS 100 may be configured for the homogenization
of the hydrocarbons.
[0034] Algae are grown or cultured in a broth or sub-
strate, such as media stream 12. In certain instances,
the media stream 12 comprises sugars, proteins, amino
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acids, and other biomacromolecules suitable to replicate
and/or simulate the growth environment of the algae. The
presence of these biomolecules in media stream 12 com-
prises additional molecules for the algal life cycle. Fur-
ther, the media stream 12 comprises salinity similar to
the natural environment of the algae. For instance, the
media stream 12 comprises a salinity to replicate an
aquatic, a marine, or a brackish environment. Generally,
water; preferably distilled water, is used to culture the
algae. The water is sterile and free from all contaminants.
Any appropriate culture mediums known to those of skill
in the art may be used as media stream 12 depending
on the specific algae species selected for culturing in
APS 100.
[0035] In certain instances, media stream 12 is sup-
plemented to improve growth of algae. Media stream 14
comprises a pH enhancer stream 14, an electrolyte
stream 16, and a nutrient stream 18. In instances, pH
enhancer stream 14, electrolyte stream 16, and nutrient
stream 18 comprise media stream 12. Alternatively, pH
enhancer stream 14, electrolyte stream 16, and nutrient
stream 18 are mixed with media stream 12 to alter, reg-
ulate the composition of media stream. Further, pH en-
hancer stream 14, electrolyte stream 16, and nutrient
stream 16 are introduced to media stream 12 as a make
up stream for replacing the media and nutrients con-
sumed by the algal culture.
[0036] A pH enhancer stream 14 is mixed with media
stream 12. A pH enhancer stream 14 comprises any
chemical understood by one skilled in the art to alter pH.
Alternatively, a pH enhancer stream comprises any
chemical understood by one skilled in the art resist pH
changes,, for instance a buffer. The pH enhancer stream
14 comprises a salt, a buffer, an anion, or a cation without
limitation. In instances, the pH enhancer stream 14 is
introduced directly to media stream 12; alternatively, pH
enhancer stream 14 is introduced to APS 100 in any point
in the process.
[0037] Media stream 14 is supplemented by an elec-
trolyte stream 16. Without limitation by theory, an elec-
trolyte comprises any chemical having free ions. Alter-
natively, an electrolyte comprises an electrically conduc-
tive medium, such as an ionic solution. In certain instanc-
es, electrolyte stream 14 comprises magnesium, calci-
um, sodium, potassium, chloride, phosphate, or carbon-
ate ions, without limitation. Electrolyte stream 16 com-
prises compounds conducive for the synthesis of chlo-
rophyll; alternatively, for the synthesis of algal
hydrocarbons.
[0038] Media stream 14 is supplemented with a nutri-
ent stream 18. In certain instances, nutrient stream 14
introduces nutrients, such as but not limited to sugars,
lipids, and biomacromolecules. Alternatively, nutrient
stream 18 comprises a make-up stream, configured to
reintroduce nutrients to media stream 14. Nutrient stream
14 may further comprise antibiotics or antifungal com-
pounds for controlling contaminants in media stream 14.
[0039] Media stream 14 is directed to pump 15. Pump

15 is used to provide a controlled flow to HSD 30 and
APS 100. Pump 15 increases the pressure of the media
stream 14 to greater than about 203 kPa (2 atm). Alter-
natively, the pump 15 may pressurize media stream 14
to a pressure of greater than about 2030 kPa (20 atm).
The increased pressure of media stream 14 can be used
to accelerate reactions and diffusion of molecules. In fur-
ther instances, the increased pressure of media stream
14 ensure sterility of the media stream. Without limitation
by theory, sterilizing media stream 14 eliminates com-
petitors for nutrients in media stream 14. The limiting fac-
tor for pressure in APS 100 may be the pressure limita-
tions of pump 5 and HSD 30. Preferably, all contact parts
of pump 15 comprise stainless steel or other bacteria and
fungus resistant materials. Pump 15 may be any suitable
pump, for example, a Roper Type 1 gear pump, Roper
Pump Company (Commerce Georgia) or a Dayton Pres-
sure Booster Pump Model 2P372E, Dayton Electric Co.
(Niles, IL). Pump 15 is fluid communication with HSD 30.
[0040] Gas stream 20 is injected, bubbled, diffused, or
introduced into media stream 14. Gas stream 20 is di-
rected to HSD 30. Gas stream 20 comprises air. Gas
stream 20 comprises a carbon-containing gas or gas
stream. Gas stream 20 further comprises carbon dioxide
(CO2) stream 22 and nitrogen stream 24. CO2 stream 22
comprises gaseous CO2, for example pressurized CO2.
Further, CO2 stream 22 comprises air, for example air
from a CO2 rich environment such as a parking garage,
an airport, a building, or air brought in from a city or urban
environment. Without limitation by theory, the implemen-
tation of air from a CO2 rich environment comprises se-
questering the CO2, recycling the CO2, or reducing the
CO2 contribution to atmospheric pollutants. Nitrogen
stream 24 comprises nitrogen-containing gases, for ex-
ample gaseous nitrogen (N2) and other nitrogen com-
pounds. Nitrogen stream 24 comprises nitrogen (N2), ox-
ides of nitrogen, ammonia, nitrates, and other nitrogen
containing compounds, without limitation. CO2 stream
22 and nitrogen stream 24 are introduced to gas stream
20 in a controlled ratio. The ratio of CO2 stream 22 to
nitrogen stream 24 is regulated to maximize algal growth.
[0041] Media stream 12 and gas stream 20 are intro-
duced to HSD 30. Media stream 12 and gas stream are
injected into HSD 30 via pump 15. In certain instances,
pump 15 injects media stream 12 and gas stream 20 is
introduced separately. Media stream 12 and gas stream
20 are introduced to HSD 30 for processing. As discussed
in detail above, HSD 30 is a mechanical device that uti-
lizes, for example, a stator rotor mixing head with a fixed
gap between the stator and rotor. In HSD, gas stream 20
and media stream 12 are mixed to form an emulsion com-
prising microbubbles and nanobubbles of nitrogen and
CO2 containing gas from gas stream 20. The resultant
dispersion comprises an average bubble size less than
about 1.5 mm; alternatively, the mean bubble size is less
than from about 0.1 mm to about 1.5 mm. The resultant
dispersion comprises bubbles with a submicron mean
bubble diameter. The mean bubble size is less than about
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400 nm; more preferably, less than about 100nm. The
high shear mixing produces gas bubbles capable of re-
maining dispersed at atmospheric pressure for about 15
minutes or longer depending on the bubble size. The
emulsion may further comprise a micro-foam or a nano-
foam. In certain configurations, APS 100 comprises a
plurality of HSD 30 operated in series.
[0042] Not to be limited by a specific method, it is
known in emulsion chemistry that submicron particles
dispersed in a liquid undergo movement primarily
through Brownian motion effects. Thus, submicron gas
particles created by the HSD 30 have greater mobility
through boundary layers of suspended solids in media
stream 12 thereby facilitating and accelerating algal up-
take, growth, and APS 100 efficiency.
[0043] HSD 30 produces an emulsion stream 32.
Emulsion stream 32 is directed to bioreactor 35. Biore-
actor 35 comprises an open pond, a translucent tank,
translucent tube, deep tank, lighted tank, flowing reactor,
or other arrangement without limitation. Bioreactor 35
comprises any bioreactor having a means to grow algae
known to one skilled in the art. Bioreactor 35 comprises
a plurality of monitors and automated circuits to maintain
preferred conditions. Bioreactor 35 comprises a heater
or other thermal elements configured to heat or warm the
contents and maintain a preferred temperature. Bioreac-
tor 35 comprises light conduits, for instance fiber-optic
cables to transmit light into the maximal volume of bio-
reactor. Bioreactor 35 comprises an agitating means,
such as a stirrer to expose algae to additional light irra-
diation. Without limitation by theory, algal growth rates
are effected by exposure to light, a mechanical agitating
means is configured to expose the algae to light or light
source irradiation.
[0044] In certain instance bioreactor 35 comprises a
light source 34 configured for delivering light to the bio-
reactor 30. Further, light source 34 comprises the sun.
Light source 34 is configured to supplement solar light
spectrum in certain ranges. Light source 34 comprises
an artificial natural light, i.e. a light that transmits in a
similar spectrum and intensity as solar light. Alternatively,
light source 34 comprises a light configured to irradiate
the bioreactor with a preferred spectrum of light. Light
source 34 is configured to heat or warm bioreactor 35 to
a temperature favorable for algal growth.
[0045] Algae stream 33 is introduced to bioreactor 35.
Algae stream 33 comprises an inoculation stream. Algae
stream 33 comprises algae in an inoculation media. Al-
gae stream 33 may comprise an inoculation tank, for
growing a volume of algae for inoculating the bioreactor
35. Algae stream 33 comprises a concentrated stream
or slurry of algae for inoculating emulsion stream 32. Al-
gae stream 33 comprises a stream or slurry of algae for
growth in the bioreactor 35. In certain instances, the bi-
oreactor 35 is prefilled with emulsion stream 32; alterna-
tively, algae stream 33 and emulsion stream 32 are in-
troduced into bioreactor 35 simultaneously. Algae stream
33 and emulsion stream 32 are allowed to circulate

through bioreactor 35.
[0046] Without limitation by theory, algae in bioreactor
35 grow, divide and multiply by consumption of biomol-
ecules in media stream 12 and gas stream 20. The con-
sumed portions of the media stream 12 and gas stream
20 are reintroduced to the bioreactor 35 by emulsion
stream 32. In certain instances, the reintroduction of bi-
omolecules comprises make-up streams. The make-up
streams follow the original process stream described
herein. Further, the make-up stream may comprise an
alternative composition as preferred to maintain condi-
tions in the bioreactor 35. Bioreactor 35 comprises mon-
itors for tracking composition of emulsion stream 32
make-up streams and adjusting the composition of media
stream 12 and gas stream 20.
[0047] Bioreactor 35 is drained by algae outlet 37 to a
filter 40. Bioreactor 35 may be continuously drained, such
that a constant flow of algae is removed from bioreactor
35. Alternatively, bioreactor 35 is drained on a batch-
process basis. Algae withdrawn by algae outlet 37 are
separated from the media by filter 40. Filter 40 comprises
a screen filter, a centrifuge, a skimmer, a dryer, a vacuum,
or another method known to remove aqueous media from
algae. Filter 40 forms waste liquid stream 42 and algae
slurry 43.
[0048] Waste liquid stream 42 is further separated to
form liquid recycle stream 46 and biowaste stream 45 by
a separator 44. Liquid recycle stream 46 comprises aque-
ous media and dissolved compounds. Liquid recycle
stream 46 is returned to the media stream 12. In certain
instances, liquid recycle stream 46 comprises make-up
liquid or make-up nutrients. Biowaste stream 45 compris-
es suspended solids, algal remains, dead algae, and oth-
er solid wastes. Biowaste stream 45 is directed to a bio-
material (BM) processor 56. BM processor 56 comprises
a digester, a fermenter, a pulper, or a cooker, without
limitation for processing the biowaste stream 45. BM
processor 56 may comprise a burner for burning biow-
aste stream 45 for energy, for example to maintain bio-
reactor 35 temperature.
[0049] Algae slurry 43 is directed to a lysis reactor 50.
In certain instances, the lysis reactor 50 comprises a de-
watering step or dryer to remove remaining water from
algae slurry 43. Lysis reactor 50 comprises a means to
lyse or rupture the algae in algae slurry 43. Lysis reactor
50 comprises buffer stream 53. Buffer stream 53 com-
prises buffers, chelators, anti-oxidants, and other com-
pounds understood in the art to resist degradation of li-
pids and hydrocarbons. Lysis reactor 50 is further con-
figured to separate the lipids and hydrocarbons from oth-
er cellular molecules. Lysis reactor 50 may comprise a
separator for an algal hydrocarbon stream 52 and an
algal waste stream 54. Lysis reactor 50 forms an algal
hydrocarbon stream 52 and an algal waste stream 54.
[0050] Algal waste stream 54 is directed to biomaterial
(BM) processor 56. Algal waste stream 54 comprises cel-
lular components, proteins, molecules, membranes, and
the like without limitation. Algal waste stream comprise
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cellular components that are not able for refining into a
BM processor 56 comprises a digester, a fermenter, a
pulper, or a cooker, without limitation for processing the
biowaste stream 45. BM processor 56 may comprise a
burner for burning biowaste stream 45 for energy, for
example to maintain bioreactor 35 temperature.
[0051] Algal hydrocarbon stream 52 is directed to
cracking process in a hydrocarbon reactor 60 to produce
a raw hydrocarbon stream 62. Raw hydrocarbon stream
62 comprises paraffins, alkanes and other saturated hy-
drocarbons. Raw hydrocarbon stream 62 comprises. Al-
ternatively, raw hydrocarbon stream 62 comprises
alkenes, olefins, alkynes, and other unsaturated hydro-
carbons, without limitation. In certain instances, the raw
hydrocarbon stream 62 comprises carboxylic acids, lac-
tic acids, and other organic acids without limitation. Raw
hydrocarbon stream 62 further comprises lipids, fatty ac-
ids, and polysaccharides.
[0052] Raw hydrocarbon stream 62 is directed to re-
finery 64 for the production of a liquid hydrocarbon prod-
uct 66. Refinery 64 comprises hydrocracking, filtering,
separating, reacting, distilling, and other process known
in the arts for the production of a liquid hydrocarbon prod-
uct 66. Liquid hydrocarbon product 66 comprises naph-
tha, kerosene, gasoline, diesel, and combinations there-
of.
[0053] Multiple High Shear Processes and System
for Algae Growth and Processing: Referring to Figure
3, illustrating a multi-shear algae processing system
(MAPS) 300. MAPS 300 comprises high shear device
(HSD) 130, bioreactor 135, high shear lysis 150 and hy-
drocarbon reactor 160. The MAPS 300 is configured to
optimize the growth and harvesting of algae. The MAPS
300 is configured for introducing a media stream, com-
prising nutrients, and gases to HSD 130 prior to inocu-
lation with a selected algal species and introduction to a
bioreactor 135. Further MAPS 300 is configured to isolate
lipids, oils, and polysaccharides, herein hydrocarbons,
from algae. MAPS 300 is configurable to comprise a plu-
rality of HSD 130 or similar devices. In certain applica-
tions, the MAPS 300 may be configured for the homog-
enization of the hydrocarbons.
[0054] Algae are grown and/or cultured in a broth or
substrate, such as media stream 112. In certain instanc-
es, the media stream 112 comprises sugars, proteins,
amino acids, and other biomacromolecules suitable to
replicate and/or simulate the growth environment of the
algae. The presence of these biomolecules in media
stream 112 comprises additional molecules for the algal
life cycle. Further, the media stream 112 comprises sa-
linity similar to the natural environment of the algae. For
instance, the media stream 112 comprises a salinity to
replicate an aquatic, a marine, or a brackish environment.
Generally, water; preferably distilled water, is used to cul-
ture the algae. The water is sterile and free from all con-
taminants. Any appropriate culture mediums known to
those of skill in the art may be used as media stream 112
depending on the specific algae species.

[0055] In certain instances, media stream 112 is sup-
plemented to improve growth of algae. Media stream 14
comprises a pH enhancer stream 114, an electrolyte
stream 116, and a nutrient stream 118. In instances, pH
enhancer stream 114, electrolyte stream 116, and nutri-
ent stream 118 comprise media stream 112. Alternative-
ly, pH enhancer stream 114, electrolyte stream 116, and
nutrient stream 118 are mixed with media stream 112 to
alter, regulate the composition of media stream. Further,
pH enhancer stream 114, electrolyte stream 116, and
nutrient stream 116 are introduced to media stream 112
as a make up stream for replacing the media and nutri-
ents consumed by the algal culture.
[0056] A pH enhancer stream 114 is mixed with media
stream 112. A pH enhancer stream 114 comprises any
chemical understood by one skilled in the art to alter pH.
Alternatively, a pH enhancer stream comprises any
chemical understood by one skilled in the art to resist pH
changes, for instance a buffer. The pH enhancer stream
114 comprises a salt, a buffer, an anion, or a cation with-
out limitation. In instances, the pH enhancer stream 114
is introduced directly to media stream 112; alternatively,
pH enhancer stream 114 is introduced to MAPS 200 in
any point in the process.
[0057] Media stream 114 is supplemented by an elec-
trolyte stream 116. Without limitation by theory, an elec-
trolyte comprises any chemical having free ions. Alter-
natively, an electrolyte comprises an electrically conduc-
tive medium, such as an ionic solution. In certain instanc-
es, electrolyte stream 114 comprises magnesium, calci-
um, sodium, potassium, chloride, phosphate, or carbon-
ate ions, without limitation. Electrolyte stream 116 com-
prises compounds conducive for the synthesis of chlo-
rophyll; alternatively, for the synthesis of algal
hydrocarbons.
[0058] Media stream 114 is supplemented with a nu-
trient stream 118. In certain instances, nutrient stream
114 introduces nutrients, such as but not limited to sug-
ars, lipids, and biomacromolecules. Alternatively, nutri-
ent stream 118 comprises a make-up stream, configured
to reintroduce nutrients to media stream 114. Nutrient
stream 114 may further comprise antibiotics or antifungal
compounds for controlling contaminants in media stream
114.
[0059] Media stream 114 is directed to pump 115.
Pump 115 is used to provide a controlled flow to HSD
130 and MAPS 300. Pump 115 increases the pressure
of the media stream 114 to greater than about 203 kPa
(2 atm). Alternatively, the pump 115 may pressurize me-
dia stream 114 to a pressure of greater than about 2030
kPa (20 atm). The increased pressure of media stream
114 can be used to accelerate reactions and diffusion of
molecules. In further instances, the increased pressure
of media stream 114 ensure sterility of the media stream.
Without limitation by theory, sterilizing media stream 114
eliminates competitors for nutrients in media stream 114.
The limiting factor for pressure in MPS 300 may be the
pressure limitations of pump 115 and HSD 130. Prefer-
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ably, all contact parts of pump 115 comprise stainless
steel or other bacteria and fungus resistant materials.
Pump 115 may be any suitable pump, for example, a
Roper Type 1 gear pump, Roper Pump Company (Com-
merce Georgia) or a Dayton Pressure Booster Pump
Model 2P372E, Dayton Electric Co. (Niles, IL). Pump 115
is fluid communication with HSD 130.
[0060] Gas stream 120 is injected, bubbled, diffused,
or introduced into media stream 114. Gas stream 120 is
a gaseous carbon dioxide (CO2) stream 122 that is di-
rected to HSD 130. Gas stream 120 may comprise air.
Gas stream 120 may further comprise nitrogen stream
124. CO2 stream 122 comprises gaseous CO2, for ex-
ample pressurized CO2. Further, CO2 stream 22 may
comprise air, for example air from a CO2 rich environment
such as a parking garage, an airport, a building, or air
brought in from a city or urban environment. Without lim-
itation by theory, the implementation of air from a CO2
rich environment comprises sequestering the CO2, recy-
cling the CO2, or reducing the CO2 contribution to atmos-
pheric pollutants. Nitrogen stream 124 comprises gase-
ous nitrogen (N2) and other nitrogen compounds. Nitro-
gen stream 124 comprises nitrogen (N2), oxides of nitro-
gen, ammonia, nitrates, and other nitrogen containing
compounds, without limitation. CO2 stream 122 and ni-
trogen stream 124 may be introduced to gas stream 120
in a controlled ratio. The ratio of CO2 stream 122 to ni-
trogen stream 124 is regulated to maximize algal growth.
[0061] Media stream 112 and gas stream 120 are in-
troduced to HSD 130. Media stream 112 and gas stream
120 are injected into HSD 130 via pump 115. In certain
instances, pump 115 injects media stream 112 and gas
stream 120 is introduced separately. Media stream 112
and gas stream 120 are introduced to HSD 30 for
processing. As discussed in detail above, HSD 130 is a
mechanical device that utilizes a stator rotor mixing head
with a fixed gap between the stator and rotor. In HSD,
gas stream 120 and media stream 112 are mixed to form
an emulsion comprising microbubbles and nanobubbles
of nitrogen and CO2 containing gas from gas stream 120.
The resultant dispersion comprises an average bubble
size less than about 1.5 mm; alternatively, the mean bub-
ble size is less than from about 0.1 mm to about 1.5 mm.
The resultant dispersion comprises bubbles with a sub-
micron mean bubble diameter. The mean bubble size is
less than about 400 nm; more preferably, less than about
100nm. The high shear mixing produces gas bubbles
capable of remaining dispersed at atmospheric pressure
for about 15 minutes or longer depending on the bubble
size. The emulsion may further comprise a micro-foam
or a nanofoam. In certain configurations, MAPS 300 com-
prises a plurality of HSD 130 operated in series for form-
ing a nanofoam of gas stream 120 in the media stream
112.
[0062] Not to be limited by a specific method, it is
known in emulsion chemistry that submicron particles
dispersed in a liquid undergo movement primarily
through Brownian motion effects. Thus, submicron gas

particles created by the HSD 130 have greater mobility
through boundary layers of suspended solids in media
stream 112 thereby facilitating and accelerating algal up-
take, growth, and MAPS 300 efficiency.
[0063] HSD 130 produces an emulsion stream 132.
Emulsion stream 132 is directed to bioreactor 135. Bio-
reactor 135 comprises an open pond, a translucent tank,
translucent tube, deep tank, lighted tank, flowing reactor,
or other arrangement without limitation. Bioreactor 135
comprises any bioreactor having a means to grow algae
known to one skilled in the art. Bioreactor 135 comprises
a plurality of monitors and automated circuits to maintain
preferred conditions. Bioreactor 135 comprises a heater
or other thermal element configured to heat or warm the
contents and maintain a preferred temperature. Bioreac-
tor 135 comprises light conduits, for instance fiber-optic
cables to transmit light into the maximal volume of bio-
reactor. Bioreactor 135 comprises an agitating means,
such as a stirrer to expose algae to additional light irra-
diation. Without limitation by theory, algal growth rates
are effected by exposure to light, a mechanical agitating
means is configured to expose the algae to light or light
source irradiation.
[0064] In certain instance bioreactor 135 comprises a
light source 134 configured for delivering light to the bi-
oreactor 130. Further, light source 134 comprises the
sun. Light source 134 is configured to supplement solar
light spectrum in certain ranges. Light source 134 com-
prises an artificial natural light, i.e. a light that transmits
in a similar spectrum and intensity as solar light. Alter-
natively, light source 134 comprises a light configured to
irradiate the bioreactor with a preferred spectrum of light.
Light source 134 is configured to heat or warm bioreactor
135 to a temperature favorable for algal growth.
[0065] Algae stream 133 is introduced to bioreactor
135. Algae stream 133 comprises an inoculation stream.
Algae stream 133 comprises algae in an inoculation me-
dia. Algae stream 133 may comprise an inoculation tank,
for growing a volume of algae for inoculating the biore-
actor 135. Algae stream 133 comprises a concentrated
stream or slurry of algae for inoculating emulsion stream
132. Algae stream 133 comprises a stream or slurry of
algae for growth in the bioreactor 135. In certain instanc-
es, the bioreactor 135 is prefilled with emulsion stream
132; alternatively, algae stream 133 and emulsion stream
132 are introduced into bioreactor 135 simultaneously.
Algae stream 133 and emulsion stream 132 are allowed
to circulate through bioreactor 135.
[0066] Without limitation by theory, algae in bioreactor
135 grow, divide and multiply by consumption of biomol-
ecules in media stream 112 and gas stream 120. The
consumed portions of the media stream 112 and gas
stream 120 are reintroduced to the bioreactor 135 by
emulsion stream 132. In certain instances, the reintro-
duction of biomolecules comprises make-up streams.
The make-up streams follow the original process stream
described herein. Further, the make-up stream may com-
prise an alternative composition as preferred to maintain
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conditions in the bioreactor 135. Bioreactor 135 compris-
es monitors for tracking composition of emulsion stream
132 make-up streams and adjusting the composition of
media stream 112 and gas stream 120.
[0067] Bioreactor 135 is drained by algae outlet 137 to
a filter 140. Bioreactor 135 may be continuously drained,
such that a constant flow of algae is removed from bio-
reactor 135. Alternatively, bioreactor 135 is drained on a
batch-process basis. Algae withdrawn by algae outlet
137 are separated from the media by filter 140. Filter 140
comprises a screen filter, a centrifuge, a skimmer, a dry-
er, a vacuum, or another method known to remove aque-
ous media from algae. Filter 140 forms waste liquid
stream 142 and algae slurry 143.
[0068] Waste liquid stream 142 is further separated to
form liquid recycle stream 146 and biowaste stream 145
by a separator 144. Liquid recycle stream 146 comprises
aqueous media and dissolved compounds. Liquid recy-
cle stream 46 is returned to the media stream 112. In
certain instances, liquid recycle stream 146 comprises
make-up liquid or make-up nutrients.
[0069] Biowaste stream 145 comprises suspended
solids, algal remains, dead algae, and other solid wastes.
Biowaste stream 145 is directed to a biomaterial (BM)
processor 156. BM processor 156 comprises a digester,
a fermenter, a pulper, or a cooker, without limitation for
processing the biowaste stream 45. BM processor 156
may comprise a burner for burning biowaste stream 45
for energy, for example to maintain bioreactor 35 tem-
perature.
[0070] Algae slurry 143 is directed to a lysis high shear
device, or a second high shear device (HSD) 150. In cer-
tain instances, the HSD 150 comprises a dewatering step
or dryer to further remove water from algae slurry 143.
HSD 150 comprises a means to lyse or rupture the algae
in algae slurry 143. Lysis reactor 150 comprises buffer
stream 53. Buffer stream 153 comprises buffers, chela-
tors, anti-oxidants, and other compounds understood in
the art to resist degradation of lipids and hydrocarbons.
Without limitation by theory, the HSD 150 or lysis high
shear device is configured to mechanically shear the al-
gae in buffer. HSD 150 forms globules of algal biomole-
cules in buffer. In certain instances, the HSD 150 forms
cellular emulsion stream 152 comprising an emulsion of
algal components, comprising hydrocarbons, in the buff-
er. In instances, algal components comprise algal hydro-
carbons and algal biomolecules. Algal hydrocarbons
comprise biomolecules comprise all extra- and intracel-
lular molecules, proteins, enzymes, and materials from
a lysed algal cell that are not HSD 150 is configured to
form cellular emulsion stream 152 by operating as de-
scribed hereinabove.
[0071] Cellular emulsion stream 152 is processed by
a separator 151 to separate the lipids and hydrocarbons
from other cellular molecules. Cellular emulsion stream
152 may comprise a separator to form the algal hydro-
carbon stream 158 and an algal waste stream 154. Algal
hydrocarbon stream 158 is directed to a hydrocarbon

processor, or cracker 160.
[0072] Algal waste stream 154 is directed to biomate-
rial (BM) processor 156. Algal waste stream 154 com-
prises algal biomolecules. Further algal waste stream
comprises 154 comprises cellular components, proteins,
molecules, membranes, and the like without limitation.
Algal waste stream comprise cellular components that
are not able for refining into a BM processor 156 com-
prises a digester, a fermenter, a pulper, or a cooker, with-
out limitation for processing the biowaste stream 154.
BM processor 156 may comprise a burner for burning
biowaste stream 145 for energy, for example to maintain
bioreactor 35 temperature. In certain instances, the BM
processor 156 produces a biomass stream 170 for feed-
ing to a fermenter 180. The fermenter products 182 are
processed through a dewatering and thermal conversion
184 to produce an alcohol stream 186. Alcohol stream
186 is processed through additional steps, for instance
hydrogenation 188, to form a supplemental hydrocarbon
stream 189. Supplemental hydrocarbon stream 189 is
directed to a hydrocarbon processor, or cracker 160.
[0073] Cracker 160 comprises any process known to
one skilled in the arts to produce a raw hydrocarbon
stream 162. Raw hydrocarbon stream 162 comprises
paraffins, alkanes and other saturated hydrocarbons. Al-
ternatively, raw hydrocarbon stream 162 comprises
alkenes, olefins, alkynes, and other unsaturated hydro-
carbons, without limitation. In certain instances, the raw
hydrocarbon stream 162 comprises carboxylic acids, lac-
tic acids, and other organic acids without limitation. Raw
hydrocarbon stream 162 further comprises lipids, fatty
acids, and polysaccharides.
[0074] In certain instances, raw hydrocarbon stream
163 is directed to a homogenizing high shear device
(HSD) 190. Homogenizing HSD 190 comprises a reac-
tant stream 192. Reactant stream 192 comprises a gas-
eous reactant, a liquid reactant, a catalyst, or another
reactant, without limitation. Homogenizing HSD 190 is
configured to form an emulsion as described herein-
above, comprising the reactant stream 192 in the raw
hydrocarbon stream 163. Homogenizing HSD 190 forms
a hydrocarbon precursor emulsion 194.
[0075] Hydrocarbon precursor emulsion 194 is direct-
ed to refinery 164 for the production of a liquid hydrocar-
bon product 166. Refinery 164 comprises hydrocracking,
filtering, separating, reacting, distilling, and any other
process known in the arts for the production of a liquid
hydrocarbon product 166. Liquid hydrocarbon product
166 comprises naphtha, kerosene, gasoline, diesel, and
combinations thereof.
[0076] Accordingly, the scope of protection is not lim-
ited by the description set out above but is only limited
by the claims that follow.

Claims

1. A method for alga-culture, the method comprising:
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forming an emulsion comprising gas bubbles
with a mean diameter of less than about 5 mm
and which remain dispersed in the emulsion for
at least 15 minutes at atmospheric pressure, the
emulsion being formed by mixing a carbon di-
oxide-containing gaseous stream and a media
in a high shear device comprising at least one
toothed rotor, at least one stator, and being con-
figured to generate a shear rate greater than
20,000 s-1;
introducing the emulsion into a bioreactor; and
introducing an algae into the bioreactor for cul-
turing the algae culture.

2. The method of claim 1, further comprising:

forming a second emulsion comprising a portion
of the algae culture and a buffer utilizing a high
shear device, wherein the second emulsion
comprises lysed algal-component globules with
a mean diameter of less than about 5mm, and
wherein the lysed algal component globules
comprise algal hydrocarbons and algal biomol-
ecules;
separating algal hydrocarbons from algal bio-
molecules in the second emulsion; and
processing the algal hydrocarbons to produce
liquid hydrocarbons.

3. The method of claim 1, wherein the gaseous stream
comprises gases chosen from nitrogen, oxygen, at-
mospheric gases, and combinations thereof.

4. The method of claim 1, further comprising pumping
a reactant stream comprising the media stream to a
pressure of at least about 203 kPa to produce a pres-
surized stream.

5. The method of claim 1, wherein the gas bubbles in
the emulsion have an average diameter of less than
about 1.5 mm.

6. The method of claim 1, wherein forming the emulsion
comprises rotating the at least one toothed rotor at
a tip speed of at least about 20 m/s.

7. The method of claim 1, wherein forming the emulsion
comprises producing a localized pressure of about
1000 MPa at the tip of the at least one toothed rotor.

8. The method of claim 1, wherein forming the emulsion
comprises an energy expenditure of at least 1000
W/m3.

9. The method of claim 2, wherein forming a second
emulsion further comprises dewatering the algae
culture to form an algae slurry.

10. The method of claim 2, wherein separating the algal
hydrocarbons from algal biomolecules comprises
processing the algal biomolecules to form liquid hy-
drocarbons.

11. The method of claim 10, wherein processing the al-
gal biomolecules comprises,
fermenting the algal biomolecules to form alcohols;
and
reacting the alcohols to form liquid hydrocarbons.

12. The method of claim 2, wherein processing the liquid
hydrocarbons further comprises forming a third
emulsion comprising a catalyst and the liquid hydro-
carbons in a high shear device; and, wherein the
third emulsion comprises catalyst particles with a
mean diameter of less than about 5mm.

13. A system for culturing algae in liquid hydrocarbon
production comprising:

a liquid media stream, having nutrients for algae;
a gaseous carbon dioxide stream;
a buffer stream to prevent the degradation of
hydrocarbons;
a bioreactor configured for aquaculture of algae;
a separator; and
at least one high shear device configured to gen-
erate a shear rate greater than 20,000 s-1 and
having at least one toothed rotor and at least
one stator, wherein the at least one high shear
device is in fluid communication with the liquid
media stream, the gaseous stream, the
buffer stream, the bioreactor, and the separator,

wherein the at least one high shear device is fluidly
connected to the liquid media stream, the gaseous
stream, and the bioreactor, and
wherein the at least one high shear device is config-
ured for producing a dispersion of the gaseous
stream into the media stream and directing the dis-
persion to the bioreactor.

14. The system of claim 13, comprising at least one ad-
ditional high shear device fluidly connected to the
bioreactor, the buffer stream, and the separator,
wherein the at least one additional high shear device
is configured for producing a dispersion of algal cel-
lular globules into the buffer stream and directing the
dispersion to the separator.

Patentansprüche

1. Verfahren zur Algenkultur, wobei das Verfahren um-
fasst:

Bilden einer Emulsion, die Gasblasen mit einem
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mittleren Durchmesser von weniger als etwa 5
mm umfasst, die für mindestens 15 Minuten bei
Atmosphärendruck dispergiert bleiben, wobei
die Emulsion durch Mischen eines Kohlendioxid
enthaltenden Gasstroms und eines Mediums in
einer Vorrichtung mit hoher Scherkraft erzeugt
wird, die mindestens einen gezahnten Rotor und
mindestens einen Stator aufweist und so be-
schaffen ist, dass mindestens eine Scherge-
schwindigkeit von 20000/s erzeugt wird;
Einführen der Emulsion in einen Bioreaktor; und
Einführen einer Alge in den Bioreaktor zum Kul-
tivieren der Algenkultur.

2. Verfahren nach Anspruch 1, ferner umfassen:

Bilden einer zweiten Emulsion, die einen Teil
der Algenkultur und einen Puffer unter Verwen-
dung einer Vorrichtung mit hoher Scherung um-
fasst, wobei die zweite Emulsion lysierte Kügel-
chen einer Algenkomponente mit einem mittle-
ren Durchmesser von weniger als etwa 5 mm
aufweist und wobei die lysierte Kügelchen der
Algenkomponente Algen-Kohlenwasserstoffe
und Algen-Biomoleküle umfassen;
Trennen von Algen-Kohlenwasserstoffen von
Algen-Biomolekülen in der zweiten Emulsion;
und
Verarbeiten der Algen-Kohlenwasserstoffe zur
Herstellung von flüssigen Kohlenwasserstoffen.

3. Verfahren nach Anspruch 1, wobei der Gasstrom
Gase umfasst, die ausgewählt sind aus Stickstoff,
Sauerstoff, atmosphärischen Gasen und Kombina-
tionen davon.

4. Verfahren nach Anspruch 1, ferner umfassend das
Pumpen eines den Medienstrom aufweisenden
Stroms von Reaktanten auf einen Druck von min-
destens etwa 203 kPa, um einen unter Druck ste-
henden Strom zu erzeugen.

5. Verfahren nach Anspruch 1, wobei die Gasblasen in
der Emulsion einen mittleren Durchmesser von we-
niger als etwa 1,5 mm aufweisen.

6. Verfahren nach Anspruch 1, wobei das Bilden der
Emulsion die Rotation des mindestens einen ge-
zahnten Rotors mit einer Spitzengeschwindigkeit
von mindestens etwa 20 m/s umfasst.

7. Verfahren nach Anspruch 1, wobei das Bilden der
Emulsion das Erzeugen eines lokalisierten Drucks
von etwa 1000 MPa an der Spitze des mindestens
einen gezahnten Rotors umfasst.

8. Verfahren nach Anspruch 1, wobei das Bilden der
Emulsion einen Energieaufwand von mindestens

1000 W / m3 umfasst.

9. Verfahren nach Anspruch 2, wobei das Erzeugen
einer zweiten Emulsion ferner das Entwässern der
Algenkultur umfasst, um eine Algenaufschlämmung
zu erzeugen.

10. Verfahren nach Anspruch 2, wobei das Trennen der
Algen-Kohlenwasserstoffe von Algen-Biomolekülen
die Verarbeitung der Algen-Biomoleküle zur Bildung
von flüssigen Kohlenwasserstoffen umfasst.

11. Verfahren nach Anspruch 10, wobei das Verarbeiten
der Algen-Biomoleküle umfasst:

Fermentieren der Algen-Biomoleküle, um Alko-
hole zu erzeugen; und
Umsetzen der Alkohole, um flüssige Kohlen-
wasserstoffe zu bilden.

12. Verfahren nach Anspruch 2, wobei das Verarbeiten
der flüssigen Kohlenwasserstoffe ferner das Bilden
einer dritten Emulsion umfasst, die einen Katalysator
und die flüssigen Kohlenwasserstoffe in einer Hoch-
schervorrichtung aufweist; und wobei die dritte
Emulsion Katalysatorpartikel mit einem mittleren
Durchmesser von weniger als etwa 5 mm aufweist.

13. System zur Kultivierung von Algen für die Herstel-
lung von flüssigen Kohlenwasserstoffen, umfas-
send:

einen flüssigen Medienstrom, der Nährstoffe für
Algen aufweist;
einen gasförmigen Strom von Kohlendioxid;
einen Pufferstrom, um den Abbau von Kohlen-
wasserstoffen zu verhindern;
einen Bioreaktor für die Aquakultur von Algen;
einen Abscheider; und
mindestens eine Hochschervorrichtung, die
ausgelegt ist, um eine Schergeschwindigkeit
größer als 20000/s-1 zu erzeugen, die mindes-
tens einen Zahnrotor und mindestens einen Sta-
tor aufweist, wobei die mindestens eine Hoch-
schervorrichtung in Fluidverbindung mit dem
flüssigen Medienstrom, dem Gasstrom, dem
Pufferstrom, dem Bioreaktor und dem Abschei-
der steht,
wobei mindestens eine Hochschervorrichtung
in Fluidverbindung mit dem flüssigen Medienst-
rom, dem Gasstrom und dem Bioreaktor steht,
und
wobei die mindestens eine Hochschervorrich-
tung so ausgelegt ist, um eine Dispersion des
Gasstroms in den Medienstrom zu erzeugen
und die Dispersion zu dem Biorektor zu leiten.

14. System nach Anspruch 13, umfassend mindestens
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eine zusätzliche Hochschervorrichtung, die eine Flu-
idverbindung mit dem Bioreaktor, dem Pufferstrom
und dem Abscheider aufweist, wobei die mindestens
eine zusätzliche Hochschervorrichtung ausgelegt
ist, um eine Dispersion von Algenzellkügelchen in
den Pufferstrom zu erzeugen und die Dispersion in
den Abscheider zu leiten.

Revendications

1. Procédé pour la culture d’algues, le procédé
comprenant :

la formation d’une émulsion qui comprend des
bulles de gaz qui présentent un diamètre moyen
inférieur à environ 5 mm et qui restent disper-
sées dans l’émulsion pendant au moins 15 mi-
nutes à pression atmosphérique, l’émulsion
étant formée en mélangeant un flux gazeux con-
tenant du dioxyde de carbone et un milieu dans
un dispositif à cisaillement élevé qui comprend
au moins un rotor à dents, au moins un stator,
et qui est configuré de manière à générer une
vitesse de cisaillement supérieure à 20000 s-1 ;
l’introduction de l’émulsion à l’intérieur d’un
bioréacteur ; et
l’introduction d’une algue à l’intérieur du bio-
réacteur pour cultiver la culture d’algue.

2. Procédé selon la revendication 1, comprenant en
outre :

la formation d’une deuxième émulsion qui com-
prend une partie de la culture d’algue et un tam-
pon qui utilise un dispositif à cisaillement élevé,
dans lequel la deuxième émulsion comprend
des globules de composantes d’algue lysés qui
présentent un diamètre moyen inférieur à envi-
ron 5 mm, et dans lequel les globules de com-
posantes d’algue lysés comprennent des hydro-
carbones d’algue et des biomolécules d’algue ;
la séparation des hydrocarbones d’algue vis-à-
vis des biomolécules d’algue dans la deuxième
émulsion ; et
le traitement des hydrocarbones d’algue de ma-
nière à produire des hydrocarbones liquides.

3. Procédé selon la revendication 1, dans lequel le flux
gazeux comprend des gaz qui sont choisis parmi
l’azote, l’oxygène, les gaz de l’atmosphère et des
combinaisons afférentes.

4. Procédé selon la revendication 1, comprenant en
outre le pompage d’un flux de réactant qui comprend
le flux de milieu jusqu’à une pression d’au moins
environ 203 kPa de manière à produire un flux sous
pression.

5. Procédé selon la revendication 1, dans lequel les
bulles de gaz dans l’émulsion présentent un diamè-
tre moyen inférieur à environ 1,5 mm.

6. Procédé selon la revendication 1, dans lequel la for-
mation de l’émulsion comprend la rotation de l’au
moins un rotor à dents à une vitesse périphérique
d’au moins environ 20 m/s.

7. Procédé selon la revendication 1, dans lequel la for-
mation de l’émulsion comprend la production d’une
pression localisée d’environ 1000 MPa au niveau de
la périphérie de l’au moins un rotor à dents.

8. Procédé selon la revendication 1, dans lequel la for-
mation de l’émulsion comprend une dépense éner-
gétique d’au moins 1000 W/m3.

9. Procédé selon la revendication 2, dans lequel la for-
mation d’une deuxième émulsion comprend en outre
la déshydratation de la culture d’algue de manière à
former une boue d’algue.

10. Procédé selon la revendication 2, dans lequel la sé-
paration des hydrocarbones d’algue vis-à-vis des
biomolécules d’algue comprend le traitement des
biomolécules d’algue de manière à former des hy-
drocarbones liquides.

11. Procédé selon la revendication 10, dans lequel le
traitement des biomolécules d’algue comprend :

la fermentation des biomolécules d’algue de
manière à former des alcools ; et
la réaction des alcools de manière à former des
hydrocarbones liquides.

12. Procédé selon la revendication 2, dans lequel le trai-
tement des hydrocarbones liquides comprend en
outre la formation d’une troisième émulsion qui com-
prend un catalyseur et les hydrocarbones liquides
dans un dispositif à cisaillement élevé ; et dans le-
quel la troisième émulsion comprend des particules
de catalyseur qui présentent un diamètre moyen in-
férieur à environ 5 mm.

13. Système pour cultiver des algues lors de la produc-
tion d’hydrocarbones liquides, comprenant :

un flux de milieu liquide, qui comporte des nu-
triments pour des algues ;
un flux de dioxyde de carbone gazeux ;
un flux tampon de manière à empêcher la dé-
gradation des hydrocarbones ;
un bioréacteur configuré pour l’aquaculture
d’algues ;
un séparateur ; et
au moins un dispositif à cisaillement élevé qui
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est configuré de manière à générer une vitesse
de cisaillement supérieure à 20000 s-1 et qui
comporte au moins un rotor à dents et au moins
un stator, dans lequel l’au moins un dispositif à
cisaillement élevé est en communication en ter-
mes de fluide avec le flux de milieu liquide, le
flux gazeux, le flux tampon, le bioréacteur et le
séparateur ; dans lequel :
l’au moins un dispositif à cisaillement élevé est
connecté en termes de fluide au flux de milieu
liquide, au flux gazeux et au bioréacteur ; et
dans lequel :
l’au moins un dispositif à cisaillement élevé est
configuré pour produire une dispersion du flux
gazeux à l’intérieur du flux de milieu et pour di-
riger la dispersion sur le bioréacteur.

14. Système selon la revendication 13, comprenant au
moins un dispositif à cisaillement élevé additionnel
qui est connecté en termes de fluide au bioréacteur,
au flux tampon et au séparateur, dans lequel l’au
moins un dispositif à cisaillement élevé additionnel
est configuré pour produire une dispersion de glo-
bules cellulaires d’algues à l’intérieur du flux tampon
et pour diriger la dispersion sur le séparateur.
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